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Objective
To determine outcome in diabetic pancreas transplant recipi-
ents according to risk factors and the surgical techniques and
immunosuppressive protocols that evolved during a 33-year
period at a single institution.

Summary Background Data
Insulin-dependent diabetes mellitus is associated with a high
incidence of management problems and secondary complica-
tions. Clinical pancreas transplantation began at the University
of Minnesota in 1966, initially with a high failure rate, but out-
come improved in parallel with other organ transplants. The
authors retrospectively analyzed the factors associated with
the increased success rate of pancreas transplants.

Methods
From December 16, 1966, to March 31, 2000, the authors
performed 1,194 pancreas transplants (111 from living do-
nors; 191 retransplants): 498 simultaneous pancreas–kidney
(SPK) and 1 simultaneous pancreas–liver transplant; 404 pan-
creas after kidney (PAK) transplants; and 291 pancreas trans-
plants alone (PTA). The analyses were divided into five eras:
era 0, 1966 to 1973 (n 5 14), historical; era 1, 1978 to 1986
(n 5 148), transition to cyclosporine for immunosuppression,
multiple duct management techniques, and only solitary (PAK
and PTA) transplants; era 2, 1986 to 1994 (n 5 461), all cate-
gories (SPK, PAK, and PTA), predominately bladder drainage
for graft duct management, and primarily triple therapy (cyclo-
sporine, azathioprine, and prednisone) for maintenance immu-
nosuppression; era 3, 1994 to 1998 (n 5 286), tacrolimus
and mycophenolate mofetil used; and era 4, 1998 to 2000 (n
5 275), use of daclizumab for induction immunosuppression,
primarily enteric drainage for SPK transplants, pretransplant
immunosuppression in candidates awaiting PTA.

Results
Patient and primary cadaver pancreas graft functional (insulin-
independence) survival rates at 1 year by category and era
were as follows: SPK, era 2 (n 5 214) versus eras 3 and 4
combined (n 5 212), 85% and 64% versus 92% and 79%,
respectively; PAK, era 1 (n 5 36) versus 2 (n 5 61) versus 3
(n 5 84) versus 4 (n 5 92), 86% and 17%, 98% and 59%,
98% and 76%, and 98% and 81%, respectively; in PTA, era 1
(n 5 36) versus 2 (n 5 72) versus 3 (n 5 30) versus 4 (n 5
40), 77% and 31%, 99% and 50%, 90% and 67%, and 100%
and 88%, respectively. In eras 3 and 4 combined for primary
cadaver SPK transplants, pancreas graft survival rates were sig-
nificantly higher with bladder drainage (n 5 136) than enteric
drainage (n 5 70), 82% versus 74% at 1 year (P 5 .03). Increas-
ing recipient age had an adverse effect on outcome only in SPK
recipients. Vascular disease was common (in eras 3 and 4, 27%
of SPK recipients had a pretransplant myocardial infarction and
40% had a coronary artery bypass); those with no vascular dis-
ease had significantly higher patient and graft survival rates in the
SPK and PAK categories. Living donor segmental pancreas
transplants were associated with higher technically successful
graft survival rates in each era, predominately solitary (PAK and
PTA) in eras 1 and 2 and SPK in eras 3 and 4. Diabetic second-
ary complications were ameliorated in some recipients, and
quality of life studies showed significant gains after the transplant
in all recipient categories.

Conclusions
Patient and graft survival rates have significantly improved over
time as surgical techniques and immunosuppressive protocols
have evolved. Eventually, islet transplants will replace pancreas
transplants for suitable candidates, but currently pancreas trans-
plants can be applied and should be an option at all stages of
diabetes. Early transplants are preferable for labile diabetes, but
even patients with advanced complications can benefit.
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The world’s first clinical pancreas transplant was per-
formed, simultaneously with a kidney graft, on December
16, 1966, to treat a uremic diabetic patient at the University
of Minnesota Hospital.1 Since then, more than 12,000 pan-
creases have been transplanted worldwide;2 of these, nearly
10% have been done at the University of Minnesota, as
reported here (Fig. 1).

The cumulative experience with pancreas transplantation
at the University of Minnesota has been periodically pre-
sented at the American Surgical Association,3–6 and the
historical evolution of transplantation for diabetes (kidney,
pancreas, islets) at this institution has been described.7

For diabetic patients dependent on exogenous insulin for
survival, the objectives of pancreas transplantation are to
make them insulin-independent and normoglycemic, im-
prove day-to-day quality of life, and ameliorate secondary
complications. That the first objective could be achieved
was obvious from the first case;1 the others had to be
proven, and that is part of the multidecade story told here.

The evolution of pancreas transplantation at the Univer-
sity of Minnesota is closely intertwined with the advances in
surgical techniques,8–13 organ preservation technology,14

and immunosuppressive modalities15–19 that have occurred
in other pioneering programs, but some aspects of the Min-
nesota program have been decidedly different.7 An analysis
of outcome over such a long time span in a constantly
changing field can be done only by eras. Although each era
has distinctive features, there is much overlap between eras
as well as heterogeneity within eras. The similarities and
differences with other programs are indicated in the follow-
ing description of the Minnesota pancreas transplant pro-
gram by eras.

DESCRIPTION OF ERAS

Era 0

From 1966 to 1973, 14 pancreas transplants were done,
the first a duct-ligated segmental graft in which William
Kelly and Richard Lillehei collaborated.1 The next 13 were
whole pancreas grafts (the first 5 with a cutaneous graft
duodenostomy, the next 7 with internal exocrine drainage
using a Roux-en-Y duodenojejunostomy, and the last with
only the graft papilla of Vater retained for anastomosis to
recipient bowel) in a personal series by Lillehei et al.20 Era
0 will not be included in the detailed analyses to come; this
era and its influence will simply be summarized in this
introduction.

In brief, the first 11 cases were performed in uremic
diabetic patients, 10 as simultaneous pancreas–kidney
(SPK) transplants and 1 as a pancreas transplant alone
(PTA) in a patient who remained on dialysis. At the outset
it was thought that to do kidney transplants successfully in
uremic patients would require correction of the diabetic
state.3 However, because of the initially high complication
rate with pancreaticoduodenal transplants, this concept was

challenged internally.21 A series of kidney transplants alone
(KTA) from living or cadaver donors was initiated in ure-
mic diabetic patients, as reported to the American Surgical
Association,22,23 ultimately producing a large number of
candidates24 for pancreas after kidney (PAK) transplants in
era 1.4 Lillehei switched to doing PTA in nonuremic dia-
betic patients but had only three cases, and all grafts were
rejected within 3 months.20,25 Interestingly, none of the
pancreas allografts were rejected in the uremic diabetic
patients (all SPK transplants except one), all losses resulting
from technical complications (thrombosis, infection, anas-
tomotic leak) or death with a functioning graft (DWFG).20

One SPK recipient (case number 6, or number 5 as tabulated
by Lillehei;20 he called the first case done with Kelly
number 0), however, was insulin-independent for more than
1 year3 until dying with a functioning pancreas graft, after
losing the kidney to renal artery stenosis and returning to
dialysis.20 This was the longest functioning pancreas graft
in the world until a series of SPK segmental transplants
drained into the ureter by Gliedman et al,26 beginning in the
early 1970s, produced a recipient whose new pancreas func-
tioned (insulin-independent) for 5 years.

The Lillehei series ended in 1973 with the hope that islet
transplantation would quickly be developed for clinical
application and would succeed pancreas transplantation as
total endocrine replacement therapy for diabetes.27 Islet
transplantation research had begun at Minnesota in the late
1960s28 and has continued to this day,7,29 but it was appar-
ent by the late 1970s that clinical application,30 at least for
islet allografts (islet autografts were successful,31,32 even
the first case30), would require many more years of re-
search33,34—research that is just coming to fruition.29,35

Figure 1. Number of pancreas transplants according to recipient
category (SPK, simultaneous pancreas–kidney; PTA, pancreas trans-
plant alone; PAK, pancreas after kidney; SPL, simultaneous pancreas–
liver) from living related donors (LRD) or living unrelated donors (LURD).
Inclusive dates are December 16, 1966, to March 31, 2000.
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Thus, after further laboratory experiments designed to refine
surgical techniques,7,36 a new series of clinical pancreas
transplants was begun in 1978 (era 1).4,37

We took with us several lessons from the Lillehei se-
ries.25 In era 0, only azathioprine and prednisone were used
for immunosuppression; although adequate to prevent at
least early rejection of SPK grafts, such a regimen was
inadequate for PTA cases. The Lillihei series was the first to
make a distinction in immunologic risk for PTA versus SPK
transplants20,25a distinction that persisted until only recent-
ly.38 Conversely, in the Lillehei series, PTA recipients had
many fewer complications than SPK recipients.20 Thus, in
era 1 we were swayed to reduce the magnitude of the
surgical procedures for uremic diabetic patients by doing a
KTA with a PAK after an interval of recovery.4 We also
were impressed by the high complication rate in the Lillehei
series, seemingly associated with the duodenal portion of
the whole pancreas graft.20 So, like others,8–10 we initially
believed that it was better to do a segmental graft and avoid
the duodenum.37,39,40 These concepts changed as era 1
progressed,4,5 but early on much of what we did was related
to what we perceived as good or bad from era 0. We
continue to expound Lillehei’s belief that PTA should be the
norm and not simply the future of pancreas transplantation.7, 38

Lillehei deserves the credit for being the first proponent.20

Era 1

Era 1 began July 25, 1978, with a cadaver segmental
pancreas transplant.37 The graft duct was left open, allowing
the exocrine secretions to drain freely into the peritoneal
cavity of a diabetic woman who had received a successful
kidney transplant from her mother 6 years earlier. The
recipient was insulin-independent for 17.5 years, when she
died with a functioning graft after being thrown off a horse.
At the time she died, she had the world’s longest function-
ing graft, a record not exceeded until 2 years later when
another PAK segmental graft, this one duct injected and
from a living donor, reached the same duration of function;
the latter still functions, now 20 years after the transplant.
Thus, era 1 initiated the first series of pancreas transplants
where truly long-term graft function was destined to oc-
cur,41 even though our initial success rate was low and we
had not yet developed a good method for monitoring soli-
tary pancreas transplants for rejection.

Era 1 ended in July 1986 when we resumed SPK trans-
plants, giving us the maximal flexibility to manage diabetic
patients with uremia. In the 8-year period of era 1 (July
1978 to June 1986), we performed only solitary (65 PAK
and 83 PTA) pancreas transplants (n5 148). In contrast,
every other program in the world performed only or pre-
dominately SPK transplants during this period.42

Initially, we did not have a good marker to monitor for
solitary pancreas graft rejection episodes, because an eleva-
tion in the plasma glucose level is a late manifestation (as
opposed to elevation of the serum creatinine level in kidney

graft recipients, which is a relatively early marker of renal
allograft rejection, and one that gives an immunologic ad-
vantage to SPK recipients because serum creatinine can be
used as a surrogate marker to detect rejection that usually
affects both organs from the same donor). Duct manage-
ment techniques later solved the problem, but initially we
used other tactics. One was to administer Minnesota anti-
lymphocyte globulin, which we had already shown reduced
the rejection response in renal allograft recipients.43 The
other was to use living donors for segmental grafts44 be-
cause we knew that the rejection episode rate was much less
for kidney grafts from living than from cadaver donors.45,46

Although the technical failure rate of living donor segmen-
tal pancreas transplants was initially high, the tactic was an
immunologic success; particularly when the living donor
had previously given a kidney to the recipient, the rejection
rate was low.47

For cadaver solitary pancreas transplants, the rejection
rate remained high with the immunosuppression available at
the time (Minnesota antilymphocyte globulin, azathioprine,
and prednisone). Although International Pancreas Trans-
plant Registry data42 showed that SPK transplants gave an
advantage in terms of pancreas graft survival, we believed
that the immunologic problems of solitary pancreas trans-
plants could be overcome. We persisted with the philosophy
that PTA was the most logical application: why wait for
secondary complications?48

In era 1, the emphasis was on developing the best surgical
technique, particularly for duct management. We sequen-
tially used every duct management technique devised (open
duct, 1978; duct injection, 1980; enteric drainage, 1981;
urinary drainage via the bladder, 1983), with overlap in
application.49 The open duct technique was used in our first
few cases.39 We then compared4 open duct to the polymer
duct injection technique developed by Dubernard et al9 in
France and to a variant of the enteric drainage technique for
segmental grafts popularized by Groth et al10 in Sweden. By
mid-1983 we stopped doing cadaver segmental grafts as a
routine4 and returned to the whole pancreas technique (with
papilla of Vater) used by Lillihei in his last case.20 We
performed only a few cases by this technique before fol-
lowing the lead of Starzl et al12 at Pittsburgh to include the
entire duodenum,50 as originally described by Lillihei.3

Urinary drainage, initially introduced by Gliedman et al8 in
the early 1970s by anastomosing the pancreatic duct of a
segmental graft to the recipient ureter, was modified by
Sollinger et al11 in the early 1980s by directly anastomosing
a whole pancreatic graft to the bladder. Once we learned
how useful a decline in urine amylase activity was as a
marker for rejection episodes,51,52we used bladder drainage
almost exclusively for solitary pancreas transplants.50

In the beginning, however, we used the open duct tech-
nique clinically because of its uniformly successful appli-
cation in dogs that were controls for an experiment testing
the duct injection technique.53 Half of the human recipients
of open duct segmental grafts did well surgically, presum-
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ably because the enzymes remained inactive and the peri-
toneal cavity absorbed the pancreatic secretions, but in the
other half, chemical peritonitis developed, and the grafts
had to be removed.39 For this reason, we switched to the duct
injection and enteric drainage techniques until these were su-
perseded by bladder drainage near the end of era 1.50,52

Other technical aspects of era 1 included portal venous
drainage of segmental pancreas grafts using the interior
mesenteric vessels in a few cases,54 routine procurement of
whole pancreas grafts from liver donors55 with reconstruc-
tion of the graft arterial system using a Y graft of donor iliac
artery,56 and development of a reliable method of cold
storage of pancreas grafts for more than 24 hours in silica
gel-filtered plasma.57,58 The latter was superseded in era 2
by the nonbiologic (eliminating the risk of disease transmis-
sion) University of Wisconsin (UW) solution developed by
Belzer.14 We also began to do pancreas graft biopsies59 to
help diagnose the cause of graft dysfunction.60

During era 1, immunosuppression evolved61 from aza-
thioprine and prednisone to cyclosporine and prednisone to
cyclosporine, azathioprine, and prednisone (triple therapy),
using Minnesota antilymphocyte globulin for induction in
nearly all cases.62 Uniquely, we performed segmental pan-
creas transplants from nondiabetic identical twin living do-
nors to their diabetic twin counterparts under the mistaken
impression that we could do so without immunosuppres-
sion63; we observed recurrence of autoimmune isletitis64

and diabetes,63 a confirmation of the autoimmune etiology
of type 1 diabetes,65 and a hard lesson.66

In era 1, nearly all pancreas candidates and recipients
participated in baseline and serial follow-up studies of me-
tabolism67 and secondary diabetic complications of the
eyes,68 nerves,69 and kidneys70 to determine whether their
lesions progressed, stabilized, or regressed.71 The studies have
been continued longitudinally across all subsequent eras.

Era 1 was an exciting period of development, with nu-
merous international conferences bringing together clini-
cians from the few institutions applying pancreas transplan-
tation as a treatment for diabetes.72–74The lessons from our
experience and that of others during era 1 were undoubtedly
responsible for the improved results in era 2.

Era 2

Era 2 began in July 1986, when we resumed SPK trans-
plants.75 From then on, we offered pancreas transplants
liberally in all three recipient categories.76,77 Our basic
immunosuppressive regimen (quadruple therapy) at that
time consisted of Minnesota antilymphocyte globulin for
induction and the combination of cyclosporine, azathio-
prine, and prednisone for maintenance.62 We conducted a
randomized study of Minnesota antilymphocyte globulin
versus OKT3 for induction therapy in KTA and SPK recip-
ients,78 we substituted antithymocyte globulin (ATGAM)
for Minnesota antilymphocyte globulin when the latter be-
came unavailable at the end of 1993,79 and we instituted

anti-T-cell agents as the first line of therapy for all first
rejection episodes in pancreas recipients.80 We found that
aggressive treatment of rejection episodes could preserve
long-term endocrine function even when exocrine function
was lost.81,82 However, the pancreas graft failure rate was
high enough83 for us to accumulate a large series of pan-
creas retransplants.84 Era 2 ended in June 1994, when new
agents for maintenance immunosuppression became
available.16,85

During the 8-year interval of era 2, we performed 461
pancreas transplants, of which 51% were SPK, the others
being nearly equally divided between the solitary PAK
(23%) and PTA (26%) categories (with 1 simultaneous
pancreas–liver [SPL] transplant). Living donors were used
for 6% of the transplants in era 2, predominately in recipi-
ents of solitary pancreas transplants (12% of cases equally
distributed in the PAK and PTA categories).86 The incentive
for solitary pancreas transplants with living donors lessened
as the results of cadaver pancreas transplants improved and
waiting times became short by the use of outside donors.87

Thus, near the end of era 2 (1994), we expanded our living
donor program to include SPK transplants for diabetic pa-
tients with uremia who wanted one operation to become
insulin-independent as well as dialysis-free without a long
wait.88 The goal of one operation to receive both a kidney
and a pancreas was also achieved in a few era 2 patients
who received a cadaver pancreas simultaneously with a
living donor kidney.7

Bladder drainage predominated as the duct management
technique, with enteric drainage done in only 5% of our
cases, most early in era 2 to complete a study, initiated with
the 101st case in era 1, of enteric versus bladder drainage for
solitary pancreas transplants.50 This study showed that the
solitary pancreas rejection loss rate was significantly lower
in bladder drainage recipients treated for rejection based on
a decline in urine amylase activity (units per hour).50 Thus,
we began to use bladder drainage for almost all solitary
pancreas transplants.76 A decrease in exocrine function, as
detected by urine amylase monitoring, always preceded
hyperglycemia as a manifestation of rejection in pancreas
grafts,52 and the incidence of rejection episodes was high
with the immunosuppressants available during this era.89 In
special cases, such as with patients who had both pancreatic
exocrine and endocrine deficiency as a result of pancreate-
ctomy-induced diabetes, we would use enteric drainage to
correct both.90

For SPK bladder drainage transplants, monitoring of
urine amylase was less important to detect rejection because
a serum creatinine elevation usually preceded a urine amy-
lase decline when the rejection episode affected both or-
gans.91 However, experimental studies showed that the in-
cidence of discordant rejection (one organ involved when
the other was not) was on the order of 10%,92 and clinical
observations93 corroborated the experimental ones.94 Thus,
we continued to do bladder drainage with urine amylase
monitoring even for SPK transplants in era 2, because it
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allowed the salvage of the occasional pancreas affected by
a discordant rejection, as documented by transcystoscopic
biopsies.95–97 We managed the chronic bladder-related
complications (primarily recurrent urinary tract infections
and metabolic acidosis from bicarbonate loss) by converting
to enteric drainage98,99; during era 2, our conversion rate
was 9% to 19% by 2 years, depending on the recipient
category.100

We made modifications in surgical technique during era
2, such as using a stapler for the duodenocystostomy of
bladder drainage grafts,101 using every donor for both liver
and pancreas procurement,102,103and splitting the cadaver
pancreases into two segments for transplantation to two
recipients104 (especially useful when two patients with a
high panel-reactive antibody level to human leukocyte an-
tigens [HLAs] have a negative crossmatch to the same
donor). We began using pancreas grafts procured by sur-
geons outside our region,87 leading to an increase in our
pancreas transplant volume with no detrimental affect on
outcome. We converted from using silica gel-filtered
plasma to UW for pancreas organ preservation, with no
difference in results.105 Long-term endocrine function was
similar for grafts preserved with either solution for up 30
hours.106

Donor107 and recipient risk factors were redefined in this
era.108 We accepted all referrals7,108 but initiated measures
to treat risk factors such as coronary artery disease before
the transplant.109

The observations and studies we initiated in era 1 on the
pathogenesis of diabetes and the course of its complications
continued in era 2. We added to our series of identical twin
donor segmental pancreas transplants, but with prophylactic
immunosuppression.110 Of the three twin transplants done
in era 2, only one recipient has manifested disease recur-
rence; with immunosuppression, it progressed slowly and
graft function was maintained for 8 years. The other two
recipients had no evidence of disease recurrence in fol-
low-up graft biopsies7 and are currently insulin-independent
at 10 and 13 years, respectively.

Studies of metabolism81,111–115and secondary diabetic
complications7 in pancreas recipients continued in era 2.
Pancreas transplantation did not alter the immediate course
of advanced eye disease, but by 3 years stabilization oc-
curred.68 Neuropathy improved116 and neuropathic patients
with successful pancreas transplants had a survival advan-
tage.117 Recurrence of diabetic nephropathy in renal allo-
grafts was also ameliorated by a successful pancreas
transplant.118

Although the results of solitary pancreas transplants im-
proved in era 2, we were not satisfied.7 The success rate was
still higher in SPK recipients, particularly in the subgroup of
young patients without vasculopathy, but we wanted to
continue to offer pancreas transplants for all categories and
stages of diabetic complications. Although rejection epi-
sodes were usually readily reversed in SPK recipients, the
incidence of rejection episodes was high in all categories.

Rejection episodes were harder to reverse or had a higher
recurrence rate for solitary pancreas transplant recipients.
We knew that new immunosuppressive approaches were
needed.

Era 3

Era 3 began in January 1994, when tacrolimus was ap-
proved for clinical use by the U.S. Food & Drug Adminis-
tration (FDA). We immediately used it for clinical pancreas
transplants.119 A year later, mycophenolate mofetil (MMF)
was also FDA-approved, and again, we immediately used it
for pancreas transplants,120 including in combination with
tacrolimus.121 We continued to use an anti-T-cell agent
(ATGAM) for induction immunosuppression and Ortho-
clone (OKT3) for treatment of rejection episodes. Bladder
drainage predominated for pancreas graft duct management
in all recipient categories in era 3.

In the 3.75 years of era 3, with tacrolimus initially and
then tacrolimus and MMF as the principal maintenance
immunosuppressants, we did 286 pancreas transplants. As
in era 2, about half of the era 3 transplants were in the SPK
category (51%) and half in the solitary pancreas transplant
categories. However, the proportion of PAK transplants was
higher (36%) in era 3 than in era 2.

The surgical complication rate declined in all categories
in era 3.122 The incidence of rejection episodes declined
more in SPK and PAK than in PTA,123 and percutaneous
pancreas graft biopsies were used routinely to confirm the
diagnosis.124

The metabolic studies initiated in the previous eras con-
tinued in era 3.125 The durability of pancreas graft insulin
secretory reserve for more than one or nearly two decades
was documented.126 Likewise, the studies on diabetic sec-
ondary complications in pancreas graft recipients contin-
ued.127,128 Nerve regeneration after successful pancreas
transplantation in patients with diabetic neuropathy was
clearly shown,129and the survival advantage of a successful
pancreas transplant in neuropathic patients was con-
firmed.130 In regard to diabetic nephropathy in native kid-
neys, surprisingly over a 10-year period, even structural
glomerular lesions could regress.131

Era 3 ended on these optimistic notes. The main remain-
ing challenges were to reduce the surgical complication rate
further and to refine immunosuppression to improve PTA
results, both early and late.132

Era 4

Era 4 began in March 1998, when we added daclizumab
(Zenapax), alone or in combination with polyclonal anti-T-
cell antibody (ATGAM, initially; thymoglobulin when it
was FDA-approved in 1999), to our induction immunosup-
pressive regimen. We also began to give anti-T-cell agents
before graft revascularization, following the lead of oth-
ers.133 In the PTA category, we also began to give tacroli-
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mus and MMF to the candidates while waiting. Concomi-
tantly, we began to use enteric drainage as our principle
exocrine drainage technique in SPK recipients of cadaver
grafts (exceptions were some high-risk elderly or obese
patients or patients with chronic peritonitis from peritoneal
dialysis). Bladder drainage remained the preferred drainage
technique forcadaver solitary and all living donor pancreas
transplants.

Through March 31, 2000, we did 285 pancreas trans-
plants in era 4, and those transplanted as of March 5, 2000,
are included in these analyses (n5 276). Even though the
absolute annual number was greater, the proportion of SPK
transplants in era 4 (38%) was less than in eras 2 and 3,
whereas the proportion of PAKs increased (44%). Enteric
drainage was used in 75% of primary SPK transplant recip-
ients but in only 12% of PAK and in no PTA. The outcomes
for era 4 are presented here for the first time.

SUMMARY OF PROCEDURES

Between December 16, 1966, and March 31, 2000, we
performed 1,194 pancreas transplants at the University of
Minnesota (498 SPK, 404 PAK, 291 PTA, 1 SPL). Of these,
1,003 were primary and 191 were retransplants (157 second,
30 third, and 4 fourth); 18 retransplants (16 second, 2 third)
were in 17 patients who had had their first transplant else-
where, so the total number of patients enrolled in our
program as of March 31, 2000 was 1,022.

We did 1,083 cadaver (188 retransplants) and 111 living
donor (3 retransplants) pancreas transplants. Of the SPK
transplants, the pancreas graft came from a living donor in
29 (kidney from same donor) and a cadaver in 468 cases (in
9 the kidney was from a living donor); of the PAK, from a
living donor in 32, a cadaver in 373; of the PTA, from a
living donor in 50, a cadaver in 241. Of the retransplants, 36
were SPK (25 second, 10 third, 1 fourth), 96 PAK (77
second, 13 third, 3 fourth), and 59 PTA (52 second, 7 third).

Pancreas graft duct management or the exocrine drainage
technique involved a cutaneous graft duodenostomy in 5 (all
era 0); open duct free intraperitoneal drainage in 15 (all era
1); duct occlusion (4 simply ligated, 44 polymer-injected) in
48 (eras 1, 2, 3); enteric drainage in 203 (all eras); and
urinary drainage (4 ureter, 919 bladder) in 923 cases (all
eras). Therecipient portal venous system was used for the
pancreas graft venous effluent in seven cases (eras 1, 2 and 4).

STATISTICAL ANALYSES

Analyses were done on all pancreas transplants (n5
1,171) performed at the University of Minnesota from July
25, 1978, through March 5, 2000 (the 14 from era 0 [10
SPK, 4 PTA] and the last 9 from era 4 [1 SPK, 5 PAK, 3
PTA] were not included), and all primary KTA (n5 515) in
uremic diabetic patients from July 1, 1986 (the beginning of
era 2), to the present. Patient, pancreas, and kidney graft

functional survival rates were calculated by the Kaplan-
Meier method using SAS 6.12 software.

Pancreas grafts were considered functioning as long as
the recipients were insulin-independent. Death with a func-
tioning graft (DWFG) was considered a graft failure in our
analyses of all cases. In our analyses of immunologic events
(rejection), we excluded technical failures and pancreas
graft primary nonfunction cases. Technical failures included
primary graft thrombosis or removal of functioning grafts
for complications such as anastomotic leak, perigraft infec-
tion, or bleeding. The remaining cases were considered
technically successful. In all analyses of technically suc-
cessful cases, those with DWFG were censored at the time
of death.

Kidney grafts were considered functioning as long as the
graft was still in place and the patients who were receiving
dialysis before the transplant were dialysis-free after the
transplant or the posttransplant serum creatinine level was
below the pretransplant level in recipients who were never
dialyzed.

In univariate actuarial analyses, probability values were
calculated by the Wilcoxon and log-rank tests and refer to
the significance of the differences between the overall sur-
vival curves. The Wilcoxon test primarily reflects the prob-
ability that early differences are significant; the log-rank test
is weighted to detect late differences. Probability values of
less than 0.2 are indicated numerically; all others are des-
ignated nonsignificant. We also performed logistic and Cox
multivariate regression analyses using multiple variables in
the models to ascertain the relative risks for patient death,
graft failure in general, technical failure, and rejection loss.
The significance of differences in proportions of events
comparing categorical variables of one group with another
was determined by the chi-square or Fisher exact test.
Continuous variables were analyzed parametrically using
the t test. Means are given with one standard deviation.

For SPK and PAK transplants, we compared outcomes
with the outcome in uremic diabetic KTA recipients. In era
2, 40% of uremic diabetic patients received a primary ca-
daver SPK transplant; 60% received either a living donor
(34%) or a cadaver (26%) KTA. In eras 3 and 4 combined,
the distribution was as follows: 53% SPK, 47% KTA (27%
living donor, 20% cadaver), reflecting our emphasis on
living donor KTA followed by a PAK.

RECIPIENT CATEGORIES AND DUCT
MANAGEMENT

In era 1 (M5 148), we did only PAK (44%) and PTA
(56%) procedures (15 open duct, 41 duct injection, 3 liga-
tion, 77 enteric drainage, and 12 bladder drainage) (Table
1). In era 2 (n5 461), we did all categories: SPK (51%),
PAK (23%), PTA (26%), and 1 SPL (430 bladder drainage,
4 ureter, 24 enteric drainage, and 3 duct injection). In era 3
(n 5 286), 51% were SPK, 36% PAK, and 13% PTA (276
bladder drainage, 5 enteric drainage, and 5 duct injection).
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In era 4, as of March 5, 2000 (n5 276), 39% were SPK,
45% PAK, and 17% PTA (184 bladder drainage, 92 enteric
drainage). (One PTA retransplant was with enteric drainage
to provide intestinal exocrine function in a native pancrea-
tectomized recipient with a functioning primary bladder
drainage pancreas transplant.)

Our past and current surgical techniques are detailed
elsewhere.134

RECIPIENT DEMOGRAPHICS

Age of Onset and Type of Diabetes

The age of onset of diabetes in our recipients ranged from
younger than 1 to 51 (SPK), 39 (PAK), and 43 (PTA) years,
with 25% younger than 8 and 25% older than 16 (5% of
SPK recipients had onset of diabetes later than age 30). The
mean age of onset tended to increase in all categories for
each era: in SPK, from 136 7 years (n5 228) in era 2 to
16 6 1 (n 5 89) in era 4; in PAK, from 96 4 (n 5 64) in
era 1 to 136 7 (n 5 103) in era 4; and in PTA from 106
6 (n 5 81) in era 1 to 156 9 (n 5 89) in era 4.

Almost all recipients (99%) had type 1 diabetes, based on
the history of abrupt clinical presentation and the need for
exogenous insulin from the time of diagnosis. Nine patients,
although receiving insulin before the transplant, were clas-
sified as having type 2 diabetes (8 SPK, 1 PAK), based on
clinical features of age of onset later than 35 years, a long
duration (more than 10 years) before requiring insulin, and
detectable serum C-peptide levels at the time of evaluation
for a pancreas transplant.

Seven recipients had diabetes mellitus secondary to total
pancreatectomy for benign disease (chronic pancreatitis in
four, trauma in two, tumor in one). A retransplant was done
in six recipients, five after primary graft failure; in the other,
an enteric drainage pancreas graft was added to provide
exocrine function into the recipient’s intestine, after a failed
attempt to convert the still-functioning primary bladder
drainage graft to enteric drainage.

Duration of Diabetes

The duration of diabetes before the transplant ranged
from less than 1 to 52 years (in 5% it was 40 years or more)

Table 1. NUMBER OF PANCREAS TRANSPLANTS IN ANALYSES BY RECIPIENT
CATEGORY, DUCT MANAGEMENT, DONOR SOURCE, AND ERA

Era 1
(n 5 148)
1978–86

Era 2
(n 5 461)
1986–94

Era 3
(n 5 286)
1994–98

Era 4
(n 5 276)
1998–00*

Total
(n 5 1,171)

SPK 233 (19 Re) 147 (9 Re) 107 (8 Re) 487 (36)
Cadaver 231 126 101 457

ED 8 – 74 82
BD 222 124 27 372
Other 1 2 – 3

Living donor 2 21 6 29
ED – – 1 1
BD – 20 5 25
Other 2 1 – 3

PAK 65 (12Re) 108 (35 Re) 103 (18 Re) 123 (30 Re) 399 (95)
Cadaver 47 (11Re) 95 102 123 367

ED 7 – 5 15 27
BD 3 95 97 108 303
Other 37 – – – 37

Living donor 18 (1 Re) 13 1 – 32
ED 12 3 – – 15
BD – 6 – – 6
Other 6 4 1 – 11

PTA 83 (15Re) 119 (32 Re) 36 (5 Re) 46 (7 Re) 284 (59)
Cadaver 49 (13Re) 104 35 2 234

ED 29 2 – 44 33
BD 9 102 34 – 189
Other 11 – 1 – 12

Living donor 34 (2 Re) 15 1 – 50
ED 29 11 – – 40
BD – 4 1 – 5
Other 5 – – – 5

* As of March 5, 2000.
SPK, simultaneous pancreas–kidney; PAK, pancreas after kidney; PTA, pancreas transplant alone; ED, enteric drainage; BD, bladder drainage.
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and did not differ by era. The range was extreme in all
categories, but PTA recipients tended to have a shorter
duration of diabetes (mean 216 8 years) than SPK (266
8 years) or PAK (266 7 years) recipients. The duration of
diabetes was less than 10 years in 10% of PTA recipients
but only 1% of PAK and SPK recipients.

Age

The age range of the recipients was also extreme (11–64
years) in all categories and all eras. Only seven, however,
were children (younger than 18): four PTA (15–17 years),
one SPL (16 years), and 2 SPK (11 and 12 years).135 The
mean age tended to increase in each category. In SPK
recipients, it went from 386 7 years in era 2 to 446 8 in
era 4; in PAK recipients, from 336 6 to 416 8; and in PTA
recipients, from 316 7 to 386 11.

Analyses of outcome were done according to whether the
recipients were younger than 45 or 45 years or older. The
proportion of younger patients significantly (P 5 .001)
increased in each era. In eras 2, 3, and 4, in SPK, 17%, 30%,
and 45% were 45 or older, respectively; in PAK, 16%, 27%,
and 30%; and in PTA, 9%, 21%, and 27%.

Gender

Overall (1978–2000), the proportion of female pancreas
recipients was slightly less than male in the SPK (44%) and
PAK (48%) categories, but substantially greater than male
in the PTA category (73%). The female-to-male ratio in
each category was constant across eras. The slightly higher
proportion of males in the SPK and PAK categories can be
explained by the fact that diabetic male patients are more
likely to be afflicted by end-stage renal disease than diabetic
female patients.136 However, this fact does not explain why
female patients represent such a high proportion of PTA
recipients, because the incidence of type 1 diabetes is equal
in male and female patients.136 It appears that nonuremic
diabetic female patients are more likely to seek pancreas
transplantation as an alternative to treatment with exoge-
nous insulin.

General Vascular Disease

The proportion of recipients with preexisting cardiac,
cerebral, or peripheral vascular disease, as indicated by
events or the need for therapeutic intervention before the
transplant, was determined by a formal study in eras 3 and
4. Cardiac vascular disease was defined as a documented
myocardial infarction or the need for pretransplant coronary
artery bypass or angioplasty. Cerebral vascular disease was
defined as a documented stroke or transient ischemic attack.
Peripheral vascular disease was defined as a history of
claudication with documented arterial lesions, previous ar-
terial bypass, or a major (extremity) or minor (digit)
amputation.

The overall prevalence of one or more of these manifes-
tations of general vascular disease was 47% in SPK, 42% in
PAK, and 24% in PTA recipients in eras 3 and 4 combined
(Table 2). The incidence of general vascular disease was
significantly less (P , .003) in PTA recipients, but even in
this category of nonuremic diabetic patients, nearly a quar-
ter were affected. The age range of the patients with any
vascular disease was 25 to 61 years. Overall, 50% of the
recipients with general vascular disease were younger than
44. The mean age was significantly (P , .001) higher in
recipients with versus without vascular disease (overall,
446 7 vs. 386 8 years): SPK, 446 7 versus 406 8; PAK,
45 6 8 versus 376 7; and PTA, 406 8 versus 366 10.
In terms of gender, 38% of female patients and 46% of male
patients had general vascular disease (P 5 .08).

A documented myocardial infarction occurred before the
transplant in twice as many SPK and PAK than PTA recip-
ients. The age range of those with a pretransplant myocar-
dial infarction was 26 to 64 years (mean 436 8, vs. 446
7 for those without). The overall incidence of pretransplant
coronary artery bypass was higher in SPK than PAK or PTA
recipients. We noted no difference by gender.

Strokes and transient ischemic attacks occurred before
the transplant in 7% and 5%, respectively, of era 3 and 4
pancreas recipients (all categories). We found no significant
difference in the incidence of cerebral vascular disease
between categories, but the prevalence of transient ischemic
attacks was significantly (P 5 .03) higher in female patients
(9%) than male patients (2%).

Peripheral vascular disease was common in the pancreas
transplant population of era 3 and 4 combined. By gender,
the overall incidence of claudication, arterial bypass, and
major and minor amputations was 19%, 2%, 4%, and 6%,
respectively, in female patients and 15%, 8%, 10%, and
16%, in male patients.

Table 2. PREVALENCE OF GENERAL
VASCULAR DISEASE PRETRANSPLANT

FOR STUDY PATIENTS IN ERAS 3 AND 4
COMBINED

SPK
(n 5 187)

PAK
(n 5 198)

PTA
(n 5 74)

Coronary artery disease
Pretransplant MI 37% 33% 14%
CAB 40% 22% 17%
CAA 12% 14% 11%

Peripheral vascular disease
Claudication 13% 18% 9%
Arterial bypass 8% 5% 0%
Major amputation 9% 6% 6%
Minor amputation 12% 22% 11%

$1 manifestation 47% 42% 24%

MI, myocardial infarction; CAB, coronary artery bypass; CAA, coronary artery
angioplasty; SPK, simultaneous pancreas–kidney; PAK, pancreas after kidney;
PTA, pancreas transplant alone.
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Waiting Time

We attempted to do preemptive (predialysis) kidney or
kidney–pancreas transplants whenever possible for uremic
diabetic patients.137 In eras 3 and 4 combined, we achieved
the goal of no dialysis before the transplant in only 33% of
primary cadaver SPK recipients (n5 172) because of the
long waiting time for cadaver kidneys done with or without
a pancreas. The other recipients either underwent pretrans-
plant hemodialysis (47%) or peritoneal dialysis (21%). For
our living donor SPK recipients,138 the proportion of pre-
emptive transplants doubled: 19 of 29 (66%) were not
receiving dialysis at the time of transplant.

From 1996 to 1999, the median waiting time for cadaver
SPK grafts was nearly 1 year (354 days) for blood group A
recipients and almost 2 years for blood group B (716 days)
and O (690 days) recipients. For KTA recipients, the wait-
ing time was about 1.5 times longer in each blood group.
For cadaver SPK candidates, the percentage transplanted by
1 year was 45% for blood group A, 40% for B, and 22% for
O. By contrast, for solitary pancreas transplants the median
waiting times for blood group A, B, and O recipients were
about 3 months (80 days), 6 months (172 days), and 6
months (186 days), respectively, with 80%, 92%, and 69%
transplanted by 1 year.

DONOR DEMOGRAPHICS

Cadaver Donor Age

The cadaver donor age was available only for eras 2, 3,
and 4. The age range was 1 to 68 years. In each era, donors
tended to be older for SPK recipients than for PAK and
PTA. In era 4, the mean donor age for SPK recipients was
32 6 14 years (n5 83); for PAK, 316 12 (n5 103); and
for PTA, 326 13 (n5 42). Combining all eras, half of the
donors were 17 to 46 years; 25% each were older or
younger. In eras 3 and 4 combined, 19% of SPK, 11% of
PAK, and 14% of PTA donors were older than 45 years.

Cadaver Donor Cause of Death

The proportion of cadaver donors who died of trauma
decreased in successive eras. For cadaver donors of primary
pancreas transplants in eras 3 and 4 combined (n5 397),
69% of those younger than 45 and 20% of those 45 or older
died of trauma. The incidence of cardiocerebral vascular
disease was 18% in those younger than 45 and 63% in those
45 or older. Donor demographics were similar in all recip-
ient categories.

Surgical Team

Our local organ procurement agency, LifeSource, encom-
passes Minnesota, North Dakota, and South Dakota, with
six transplant centers; two, including ours, perform pancreas
transplants. The annual number of cadaver donors for Life-

Source ranged from 109 to 127 in era 2 and from 146 to 174
in eras 3 and 4 combined, of which about two thirds were
judged to be suitable for pancreas donation. The proportion
of pancreas grafts procured by a LifeSource local team was
much higher for SPK than for solitary (PAK and PTA)
transplants, primarily because sharing of SPK transplants
between agencies is largely limited to zero-HLA-mis-
matched donor–recipient pairs. For solitary pancreas trans-
plants, sharing is common to place a cadaver pancreas that
otherwise would not be used locally.

For primary cadaver pancreas transplants, in era 2, the
proportion of grafts procured by nonlocal surgical teams
was 25% in SPK (n5 200), 61% in PAK (n5 56), and 71%
in PTA recipients. For eras 3 and 4 combined, the propor-
tion of primary cadaver pancreas grafts procured by nonlo-
cal teams was 15% in SPK (n5 185), 61% in PAK (n5
142), and 67% in PTA (n5 60) recipients.

Our dependence on outside teams for nonlocal donors to
sustain the number of solitary pancreas transplants we do is
apparent from the 1999 statistics. For all cadaver pancreas
transplants done, 29% of SPK (n5 51) and 80% of solitary
(n 5 96) grafts were from nonlocal (other agency) donors.

Cadaver Donor Organ Preservation Time

During era 1, we made a transition from Collins solution
to silica gel-filtered plasma for cold storage preservation,
and during era 2, we moved from silica gel-filtered plasma to
UW solution. The preservation times were shorter during era 1
than during eras 2, 3, or 4. Preservation times varied little
between recipient categories or between eras after era 1.

In era 1 (SPK, PAK, and PTA), the range of preservation
time was 5 to 24 hours, and the mean time was 116 4
hours. Preservation time was 1 to 11, 12 to 23, and more
than 24 hours for 56%, 42%, and 2% of the cases,
respectively.

In era 2, preservation times for primary cadaver grafts
ranged from 2 to 38 hours, with a mean time of 186 5
hours. Preservation times were 1 to 11, 12 to 23, and 24 or
more hours in 10%, 77%, and 13% of the cases,
respectively.

In eras 3 and 4 combined, preservation time for primary
cadaver grafts ranged from 6 to 30 hours, with a mean time
of 17 6 5 hours. Preservation times were 1 to 11, 12 to 23,
and more than 24 hours in 12%, 79%, and 9% of the cases,
respectively.

Cadaver Donor HLA Mismatches

Beginning in the middle of era 2 to the present, we have
deliberately attempted to minimize pancreas donor HLA
mismatches with solitary (PAK and PTA), but not SPK,
recipients. However, because of the United Network for
Organ Sharing (UNOS) policy of mandatory sharing of
donor organs for zero-mismatch SPK transplants, the pro-
portion of zero-mismatch recipients at all three HLA loci
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(A, B, and DR) with the donor was higher in the technically
successful SPK (n5 295) than in the PAK (n5 161) or
PTA (n 5 114) categories: 7%, 3%, and 2%, respectively.

Nevertheless, the percentage of recipients with a low
number of donor HLA mismatches (one to three antigens)
was significantly higher in the PAK (68%) and PTA (71%)
than in the SPK (50%) categories. Conversely, the percent-
age of grafts from donors with a high number of HLA
mismatches (four to six antigens) was significantly higher
(P , .05) in the technically successful SPK (42%) than in
the either the PAK (29%) or PTA (25%) categories.

Regarding individual HLA loci, in all three categories
(SPK, PAK and PTA), about half the recipients had a
mismatch for one antigen at a given locus (A, B, or DR);
one quarter had a mismatch for zero antigens and the other
quarter a mismatch for two antigens. We compared func-
tional survival rates for technically successful grafts accord-
ing to the number of HLA mismatches at either the class I
(A, B) or class II (DR) HLA loci.

Living Donors

Of 111 living segmental pancreas donors (all eras), 37
were HLA-identical siblings (22 sisters, 15 brothers), 10
were identical twins (9 female, 1 male), 61 were HLA-
mismatched relatives, including 31 siblings (20 sisters, 11
brothers), and 28 parents (18 mothers, 10 fathers); 1 was a
male cousin, 1 a wife, and 1 a female friend. Of the 32 PAK
and 50 PTA donors, all but 2 (1 in each category) were done
in era 1 and 2. The 29 SPK donors were all in eras 3 and 4.
The age range of the donors was 20 to 59 years.

The first donor (1979) remains normoglycemic, as do
nearly all the others. However, in three donors, diabetes
developed that was treated with insulin; all had a body mass
index of more than 28 kg/m2. The donors have been studied
extensively by metabolic testing.139,140Donors who had a
300% increase in plasma insulin levels from baseline during
the first 1 to 3 minutes after a predonation intravenous
glucose or arginine challenge have remained with normal
glucose tolerance. Our current criteria to be a pancreas
living donor include a body mass index of less than 28
kg/m2, normal results on a glucose tolerance test, and a
threefold increase in plasma insulin concentration after both
glucose and arginine stimulation.

OUTCOME ANALYSIS

Patient and graft (DWFG counted as a failure) survival
rates, technical failure rates, and immunologic loss rates
(technically successful grafts analyzed with DWFG cen-
sored) for our pancreas and diabetic kidney recipients are
given according to era, recipient category, pancreas graft
duct management, primary or retransplant status, donor
source, and recipient and donor demographic features.

Era Analysis of Outcome for Primary
Cadaver Transplants by Recipient
Category

SPK Transplants

We did no SPK transplants in era 1. The primary cadaver
SPK patient, pancreas graft, and kidney graft survival rates
were significantly higher in eras 3 and 4 combined (n5
212) than in era 2 (n5 214) (Fig. 2). The principal differ-
ence between era 2 versus eras 3 and 4 was the use of
cyclosporine and azathioprine in the former and tacrolimus
and azathioprine or tacrolimus and MMF in the latter for
maintenance immunosuppression. Bladder drainage pre-
dominated for duct management of SPK transplants in eras
2 and 3 and enteric drainage predominated in era 4, but for
this analysis we combined eras 3 and 4 because of the
common rejection prophylaxis protocol and the fact that
rejection monitoring in the SPK category is primarily by
serum creatinine, regardless of duct management technique.
In eras 3 and 4 combined, 1-year patient, pancreas, and
kidney survival rates were 92%, 79%, and 88%, respec-
tively; at 5 years, the corresponding figures were 88%, 73%,
and 81%.

The principal cause of early pancreas graft loss was
technical failure, but it was significantly lower (P 5 .01) in
eras 3 and 4 combined (13%) than in era 2 (22%). For
technically successful cases (DWFG censored), the rejec-
tion loss rate was significantly lower in eras 3 and 4 com-
bined than in era 2: at 1 year, 9% versus 19%.

PAK Transplants

Primary cadaver PAK patient and pancreas graft survival
rates (Fig. 3) improved significantly from era 1 (n5 36) to
era 2 (n5 61), and pancreas graft survival rates further
improved in eras 3 and 4 combined (n5 176). The principal
differences between era 1 versus 2 were the consistent use
of cyclosporine and azathioprine for immunosuppression
and bladder drainage for pancreas graft duct management in
era 2, allowing early diagnosis and treatment of rejection
episodes. The principal difference between era 2 versus eras
3 and 4 was the use of tacrolimus and azathioprine or
tacrolimus and MMF for maintenance immunosuppression.

In eras 3 and 4 combined, patient and pancreas graft
survival rates at 1 year were 97% and 78%; at 5 years, they
were 89% and 62%. Both the technical failure rate and the
rejection loss rate declined significantly in successive eras.
The technical failure rates were 25%, 23%, 18%, and 8% for
the four eras, respectively (P 5 .001). The rejection loss
rates at 1 year in the respective eras were 81%, 24%, 16%,
and 10% (P 5 .001). In era 4, PAK patient and graft
survival rates at both 1 and 2 years were 98% and 81%.

PTA Transplants

Primary cadaver PTA patient and pancreas graft survival
rates (Fig. 4) also improved from era 1 (n5 36) to era 2
(n 5 72), and pancreas graft survival rates further improved
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in eras 3 and 4 combined (n5 70). The principal differences
between the eras were similar to those for PAK transplants.
In eras 3 and 4 combined, patient and pancreas graft sur-
vival rates at 1 year were 95% and 76%; at 5 years, they
were 78% and 57%. As in the other categories, the technical
failure rate and the rejection loss rate declined significantly
in successive eras, particularly in era 4. The technical failure
rates were 33%, 15%, 7%, and 2% for the four eras, respec-
tively (P 5 .002). The rejection loss rates at 1 year in the
respective eras were 54%, 40%, 35%, and 9% (P 5 .0004).
In era 4, PTA patient and graft survival rates at 1 year were
100% and 88%; at 2 years, they were 100% and 83%.

Influence of Duct Management on
Outcome

Era 1

All duct management techniques were used in era 1. The
technical failure rate was high except with duct injection
(7%), but each technique was compatible with long-term
success. The first open duct graft (segmental cadaver PTA)
functioned for 17 years, until DWFG occurred. A duct
injection graft (segmental living donor PAK) is still func-
tioning at 20 years, and the longest functioning cadaver
donor duct injection graft (PTA) is at 17 years. The longest

functioning enteric drainage graft (living donor PTA) is at
18 years; the longest functioning cadaver enteric drainage
graft (PAK) is at 16 years. The longest functioning bladder
drainage graft is also from era 1 (cadaver PTA), now at 14
years.

In era 1, we did only solitary pancreas transplants. The
open duct technique was used in 12 primary PAK cases
(technical failures in 3/9 cadaver, 2/3 living donor) and in 3
primary PTA cases (all technical failure; 1 cadaver, 2 living
donor). The duct injection technique was used in 28 PAK
cases (technical failure in 1/25 cadaver, 1/3 living donor)
consisting of 23 primary cases (technical failure in 1/20
cadaver, 1/3 living donor) and 5 retransplants (all cadaver,
no technical failures), and in 12 PTA cases (technical failure
in 1/9 cadaver, 0/3 living donor), consisting of 10 primary
cases (technical failure in 1/7 cadaver, 0/3 living donor) and
2 retransplants (both technical successes, cadaver). Overall,
the technical failure rate was 53% with open duct (n5 15)
and 7% with duct injection (n5 40) in era 1.

Enteric drainage was also used in era 1: in 19 PAK cases
(technical failure in 3/7 cadaver, 5/12 living donor), con-
sisting of 15 primary cases (technical failure in 3/4 cadaver,
4/11 living donor) and 4 retransplants (technical failure in
0/3 cadaver, 1/1 living donor), and in 58 PTA cases (tech-
nical failure in 10/29 cadaver, 9/29 living donor), consisting

Figure 2. Primary cadaver simultaneous pancreas–kidney transplant (A) patient, (B) pancreas graft, and
(C) kidney graft functional survival rates and (D) pancreas graft rejection failure rates for era 2 versus eras 3
and 4 combined.
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of 50 primary cases (technical failure in 9/23 cadaver, 8/27
living donor) and 9 retransplants (technical failure in 1/7
cadaver, 2/2 living donor).

We began to use bladder drainage near the end of era 1:
in three cadaver PAK cases (all technical failures), consist-
ing of two primary cases and one retransplant, and in nine
cadaver PTA cases (two technical failures), consisting of
five primary cases (one technical failure) and four retrans-
plants (one technical failure). The overall technical failure
rate for bladder drainage in era 1 (n5 12) was 42%.
However, the rejection loss rate in the technically successful
bladder drainage cases in era 1 was low; of the seven
technically successful PTA transplants, only one was re-
jected at less than 1 year, with a 2-year graft survival rate of
86%. After era 1, we rarely used any technique other than
bladder or enteric drainage, and predominantly bladder
drainage until era 4.

Era 2

Of the 24 enteric drainage transplants done in era 2, 8
were in cadaver SPK recipients (technical failure in 3/7
primary, 0/1 retransplant), 3 in primary living donor PAK (2
technical failures), and 13 in PTA recipients, consisting of 2
cadaver retransplants (no technical failure) and 11 primary
living donor (3 technical failures). The one technically
successful enteric drainage PAK retransplant in era 2 was
rejected at less than 1 year.

In era 2, the 1-year graft survival rates were 50% for all

enteric drainage cadaver SPK procedures (n5 8) and 64%
for all enteric drainage living donor PTA procedures (n5
11). The 1- and 5-year graft survival rates for the corre-
sponding technically successful transplants were 80% and
40% in the enteric drainage cadaver SPK recipients (n5 5)
and 88% and 75% in the enteric drainage living donor PTA
recipients (n5 8).

Of the primary cadaver bladder drainage grafts in era 2,
the technical failure rate was 23% in PAK (n5 61) and
15% in PTA (n 5 72) recipients. For cadaver bladder
drainage retransplants in era 2, the technical failure rate was
29% in PAK (n5 35) and 10% in PTA (n5 30) recipients.

The 1-year graft survival rates in all bladder drainage
cadaver PAK (n5 95) and PTA (n5 102) recipients in era
2 were 47% and 51%, respectively; for the corresponding
technically successful cases, the figures were 72% (n5 69)
and 64% (n5 85).

For primary bladder drainage cadaver PAK (n5 46) and
PTA (n 5 40) transplants that were technically successful,
the 1-year graft survival rates were 82% and 60%, respec-
tively. Bladder drainage was used in four living donor PTA
recipients in era 2 (one technical failure; two of the three
technically successful grafts functioned for more than 1 year
[67%] and one is still functioning at more than 10 years).
Urinary drainage was used in 12 living donor PAK recipi-
ents in era 2: via the bladder in 8 (2 technical failures; 5/6
technically successful grafts [83%] are still functioning at
6–15 years) and via the ureter in 4 (2 technical failures; the

Figure 3. Primary cadaver pancreas after kidney transplant (A)
patient and (B) pancreas graft functional survival rates and (C) pan-
creas graft rejection failure rates for era 1 versus era 2 versus eras 3
and 4 combined.
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2 technically successful grafts are still functioning at more
than 6 years).

Eras 3 and 4

With rare exceptions, we continued to use bladder drain-
age in cadaver PTA recipients in era 3 (n5 35) and era 4
(n 5 44), with technical failure rates of 3% and 2%, re-
spectively. For all cadaver bladder drainage PTA cases (n5
76) in eras 3 and 4 combined, the 1-year graft survival rate
was 77%; for the corresponding technically successful cases
(n 5 74), it was 82%. For primary cadaver PTA cases that
were technically successful, the 1-year graft survival rates
were 80% in era 3 (n5 28) and 91% in era 4 (n5 38)
(P 5 .002), the improvement perhaps reflecting our change
to pretransplant immunosuppression.

Most cadaver PAK transplants were also done with blad-
der drainage in era 3 (n5 96) and era 4 (n5 107), with
technical failure rates of 16% and 9%, respectively. How-
ever, more exceptions were made in the PAK category: 6 (4
primary, 2 retransplants) in era 3 and 15 (11 primary, 4
retransplants) in era 4 were done with enteric drainage
(technical failure rates of 25% and 9%, respectively, for
primary grafts, and 0% and 25%, respectively, for
retransplants).

In eras 3 and 4 combined, the 1-year primary cadaver
graft survival rate was 67% for enteric drainage PAK trans-
plants (n 5 15) versus 79% for bladder drainage PAK
transplants (n5 162) (P 5 .04). For technically successful

primary cadaver enteric drainage PAK transplants (n5 13),
the 1-year graft survival rate was 77%. Fortechnically suc-
cessful primary cadaver bladder drainage PAK transplants, the
1-year graft survival rate was 88% in era 3 (n5 66) versus
94% in era 4 (n5 74) (P 5 .01).

We did not do an enteric drainage SPK transplant in era
3, but did 123 bladder drainage cadaver SPK transplants
with an overall technical failure rate of 10%: 9% for pri-
mary grafts (n5 115) and 22% for retransplants (n5 9).
We resumed enteric drainage cadaver SPK transplants in era
4 (n 5 72), with an overall technical failure rate of 19%:
20% for primary grafts (n5 69) and 0% for retransplants (n
5 3). For 28 bladder drainage cadaver SPK transplants in
era 4, the overall technical failure rate was 11%: 9% for
primary grafts (n5 23) and 20% for retransplants (n5 5).

Regarding the outcome for primary cadaver SPK trans-
plants done with bladder drainage (n5 136) versus enteric
drainage (n5 70) in eras 3 and 4 combined, patient survival
rates were not significantly different: 92% at 1 year in both
groups. However, the pancreas graft survival rate was sig-
nificantly higher in the bladder drainage group than the
enteric drainage group: 82% versus 74% at 1 year. There
was no difference in the kidney graft survival rates for
bladder drainage versus enteric drainage SPK transplants:
89% versus 88% at 1 year. We also found no significant
difference in graft loss from rejection for technically suc-
cessful bladder drainage (n5 24) and enteric drainage (n5
60) SPK transplants; no pancreas grafts had failed by 1 year

Figure 4. Primary cadaver pancreas transplant alone (A) patient and
(B) pancreas graft functional survival rates and (C) pancreas graft rejec-
tion failure rates for era 1 versus era 2 versus eras 3 and 4 combined.
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in the enteric drainage group and only one graft (4%) had
failed in the bladder drainage group.

In our hands, there was a technical penalty for using
enteric drainage for SPK transplants. However, enteric
drainage avoids the chronic complications of bladder drain-
age (urinary infections, hematuria, metabolic acidosis, dys-
uria) that may lead to the need to convert to enteric drain-
age.141 In eras 3 and 4 combined, the actuarial incidence of
conversion of a technically successful SPK bladder drainage
graft (n5 126) to enteric drainage was 3% at 6 months, 8%
at 1 year, and 14% at 2 years; for technically successful
bladder drainage PAK grafts (n5 140), the conversion rate
was 6% by 1 year and 16% by 2 years; for technically
successful bladder drainage PTA grafts (n5 66), the rate at
1 and 2 years was 6% and 19%. Thus, if the technical failure
rate for SPK enteric drainage transplants is reduced, there is
an advantage in terms of the chronic complication rate.
Certainly the immunologic risk for graft failure is minimal
with modern antirejection prophylaxis.

Outcome by Recipient Risk Factors

Recipient Age

The age range of the pancreas recipient population ex-
panded in each successive era, mainly in the direction of
older. Across all eras, only seven recipients were younger
than 18 years (four PTA, two SPK, one SPL). One pediatric
living donor PTA graft functioned for 4 years; the other
PTA grafts failed between 2 and 6 months. The two pedi-
atric SPK recipients135 currently have functioning grafts at
5 years. At the other extreme, for primary cadaver pancreas
transplants in eras 3 and 4 combined, 39% of SPK, 31% of
PAK, and 24% of PTA recipients were 45 years of age or
older.

In the SPK category, patient survival rates were signifi-
cantly higher (P # .07) in those younger than 45 (n5 128)
compared with those 45 or older (n5 81): 95% and 88% at
1 year. However, the pancreas graft survival rates were
nearly identical in the two age groups: 80% and 77%,
respectively, at 1 year. This finding reflects a lower rejection
rate in older recipients, because DWFG was counted as a
graft failure. Likewise, kidney graft survival rates were not
significantly different for the SPK recipients younger than
45 versus 45 or older: 90% and 85%, respectively, at 1 year.

In the PAK category, patient survival rates were virtually
identical for those younger than 45 (n5 122) and 45 or
older (n5 54): 97% and 98% at 1 year. The same was true
for pancreas graft survival rates: 76% and 83% at 1 year.

In the PTA category, the older recipients did extremely
well. Patient survival rates for those younger than and older
than 45 were 94% and 100% at 2 years; graft survival rates
were 72% and 91%, significantly higher in the older age
group (P 5 .05). Older recipients seem less likely to reject
a PTA graft than younger recipients.

The pancreas transplant technical failure rate was not

significantly different for recipients younger than 45 versus
45 or older in any category in any era, except for SPK in era
2 (20% [n5 191] vs. 33% [n5 39], P 5 .07). In eras 3 and
4 combined the technical failure rates for recipients younger
than 45 versus 45 or older were 13% and 10% for SPK, 12%
and 13% for PAK, and 3% and 5% for PTA. In all eras,
technical failure rates were lowest in the PTA category.

Thus, in eras 3 and 4 combined, pancreas graft survival
rates were at least equivalent in older and younger recipients
in all categories, if not better in older PTA recipients. In the
SPK category, patient survival rates were lower in older
recipients. In the PAK and PTA categories, no effect of age
was seen, at least during the first 4 years of follow-up.

Duration of Diabetes

The duration of diabetes had only a modest impact on
pancreas transplant outcome. The results for eras 3 and 4
combined are given for recipients who were diabetic for less
than 25 years versus 25 years or more.

In the SPK category, for those with diabetes less than 25
years (n5 73) versus 25 years of more (n5 101), the
1-year patient survival rates were 93% and 90%; pancreas
survival rates were 78% and 80%; kidney survival rates
were 87% and 90% (P 5 NS for all comparisons).

In the PAK category, for those with diabetes less than 25
years (n5 66) versus 25 years or more (n5 92), the 1-year
patient survival rates were 98% and 97%; pancreas survival
rates were 78% and 78% (P 5 NS). At 5 years, the patient
survival rate for recipients with diabetes of 25 years’ dura-
tion or more had declined to 79%, significantly different
from the 98% for those with diabetes of less than 25 years’
duration (P 5 .03).

In the PTA category, for those with diabetes less than 25
years (n5 41) versus 25 years or more (n5 24), the 1-year
patient survival rates were 92% and 100%; graft survival
rates were 65% and 100% (P # .02 for graft survival). At 5
years, the patient survival rate was still 100% for recipients
with diabetes for more than 25 years, so long duration of
diabetes had no negative impact in the PTA (as opposed to
the PAK) category. Indeed, a long duration of diabetes
before PTA was associated with a high graft survival rate,
paralleling the effect of recipient age in this category.

Vascular Disease

A comparison of outcome was done for the study cohort
recipients with one or more vascular risk factors versus
those without a vascular risk factor in combined eras 3 and 4.

For SPK recipients with vascular disease (n5 91), the
1-year patient, pancreas, and kidney graft survival rates
were 85%, 76%, and 83%, respectively; at 4 years, the
corresponding figures were 79%, 68%, and 70%. In con-
trast, for SPK recipients (n5 96) with no vascular disease,
the 1-year patient, pancreas, and kidney survival rates were
97%, 81%, and 94%, respectively; at 4 years, the figures
were 95%, 75%, and 89% (P # .03 for patient and kidney
survival;P 5 NS for pancreas graft survival). The pancreas
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graft technical failure rates were not significantly different
for those with (11%) versus those without (16%) vascular
disease.

For PAK recipients with vascular disease (n5 83), the
1-year patient and pancreas graft survival rates were 98%
and 68%, respectively; at 4 years, they were 86% and 49%.
In contrast, for PAK recipients (n5 115) without vascular
disease, the 1-year patient and pancreas graft survival rates
at 1 year were 98% and 82%; at 4 years, they were 89% and
68% (P # .04 for both comparisons between the two
groups). In the PAK category, the technical failure rate was
higher for those with (19%) versus without (10%) vascular
disease (P 5 .04).

For PTA recipients with vascular disease risk (n5 18),
the 1-year patient and graft survival rates were 94% and
68%, respectively; at 4 years, they were 94% and 58%. In
contrast, for PTA recipients (n5 56) without vascular
disease, the 1-year patient and graft survival rates were 96%
and 75%; at 4 years, they were 83% and 52%. In the PTA
category, none of the differences between the two groups
were statistically significant. Likewise, the technical failure
rate was not statistically different for those with (8%) versus
without (4%) vascular disease.

In the study cohort, we also analyzed outcome by one
specific vascular risk factor: presence or absence of a pre-
transplant myocardial infarction. An infarction had occurred
in 27% of SPK, 33% of PAK, and 14% of PTA recipients.

In the SPK category, at 1 year after the transplant, 79% of
recipient with (n5 25) versus 87% of those without (n5
66) a pretransplant infarction were alive. The corresponding
1-year pancreas graft survival rates were 68% versus 79%;
kidney graft survival rates were 74% versus 86% (P 5 .1 for
all comparisons).

In the PAK category, the 1-year patient survival rates for
those with (n5 27) versus without (n5 56) a pretransplant
infarction were 96% versus 92%. The corresponding pan-
creas graft survival rates were 70% versus 67% (P 5 NS for
both comparisons).

In the PTA category, the 1-year patient survival rate was
100% for those with (n5 3) versus 93% for those without
(n 5 18) a pretransplant infarction. The corresponding graft
survival rates were 67% versus 66% (P 5 NS for both
comparisons).

The pancreas transplant outcomes for diabetic recipients
without vascular disease were good in all categories, but
satisfactory outcomes are also achieved in most recipients
with vascular disease.

SPK Outcome by Pretransplant Dialysis
Modality

We compared patient and pancreas and kidney graft
survival rates in eras 3 and 4 combined for primary cadaver
SPK recipients (n5 172) according to whether they had no
dialysis before the transplant (preemptive kidney graft) or
were receiving hemodialysis or peritoneal dialysis at the
time of transplantation.

The 1-year patient survival rates for the no dialysis (n5
56), hemodialysis (n5 80), and peritoneal dialysis (n5 56)
groups were 96%, 91%, and 88%; 1-year pancreas graft
survival rates were 82%, 80%, and 75%; and 1-year kidney
graft survival rates were 93%, 88%, and 89% (P 5 NS).

Bladder drainage (n5 107) and enteric drainage (n5 64)
cases were analyzed separately; we found no substantial dif-
ferences. With bladder drainage, the 1-year patient, pancreas,
and kidney graft survival rates were 100%, 89%, and 94% for
recipients not receiving dialysis (n5 37); 88%, 79%, and 86%
for those receiving hemodialysis (n5 43); and 88%, 85%, and
88% for those receiving peritoneal dialysis (n5 27). With
enteric drainage, 1-year patient, pancreas, and kidney survival
rates were 87%, 68%, and 88% in the group without dialysis
(n 5 19); 94%, 80%, and 88% for those receiving hemodial-
ysis (n5 37); and 88%, 50%, and 88% for those receiving
peritoneal dialysis (n5 8).

Technical failure rates were not significantly different for
the no dialysis, hemodialysis, and peritoneal dialysis recip-
ients: 14%, 11%, and 14%, respectively. With bladder
drainage, technical failure rates were 8%, 10%, and 4%;
with enteric drainage, they were 26%, 13%, and 38%. The
technical failure rate may be higher with peritoneal dialysis
for enteric drainage recipients, so our current general policy
is to do bladder drainage SPK transplants for peritoneal
dialysis recipients and enteric drainage for hemodialysis or
no dialysis recipients.

Outcome by Interval Between Grafts for PAK
Recipients

In our series of PAK transplants, 72% were a primary
pancreas after a primary kidney transplant; 22% were a
pancreas retransplant after a primary kidney transplant; 4%
were a primary pancreas after a kidney retransplant; and 2%
were a pancreas retransplant after a kidney retransplant. The
interval between the primary kidney and primary pancreas
transplant for PAK recipients varied widely in all eras,
ranging from 2 days (pancreas retransplant) to 25 years. The
median intervals for all PAK transplants in eras1, 2, 3, and
4 were 39, 19, 17, and 13 months, respectively: 25% re-
ceived the pancreas within 20 months of the kidney in era 1,
8 months in era 2, 7 months in era 3, and 3 months in era 4.

PAK transplants were much more common after a living
donor (vs. cadaver) kidney transplant: 70% (vs. 30%) for
the entire population across all eras (the proportions were
similar in all eras). A higher proportion of diabetic recipi-
ents of living donor KTAs (vs. cadaver KTAs) went on to
have a PAK transplant (what prevents a uremic diabetic
patient without a living donor from getting a cadaver SPK
may also be an impediment to getting a PAK transplant;
candidates who could get a cadaver SPK but opt for a living
donor KTA are more likely to have the resources for a PAK
transplant). Nevertheless, the proportion of diabetic cadaver
KTA recipients who went on to have a PAK transplant
increased in successive eras: from 33/175 in era 2 (19%), to
50/130 in eras 3 and 4 combined (38%).
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The proportions of living donor KTA recipients who
opted for a PAK transplant also increased in successive eras.
Of 253 living donor KTA recipients in era 2, 66 went on to
have a PAK transplant (26%); of 258 living donor recipients
in eras 3 and 4, 148 (58%) did so. The median interval to a
PAK transplant was significantly shorter after a living donor
(vs. cadaver) KTA: 22 (vs. 37) months in era 1, 18 (vs. 21)
months in era 2, 14 (vs. 39) months in era 3, and 10 (vs. 20)
months in era 4.

During eras 3 and 4 combined, 54% of PAK transplants
were done more than 1 year after the KTA and 12% were
done less than 2 months after. For primary PAK recipients,
the 1-year graft survival rates were 80%, 67%, 81%, and
79%, respectively (P 5 NS) at these intervals after the
primary KTA: 0 to 1 (n5 5), 1 to 2 (n5 17), 2 to 12 (n5
67), and more than 12 (n5 74) months (P 5 NS).

In a separate analysis for PAK recipients in eras 3 and 4
combined, the 1-year kidney survival rate from the time of
the pancreas transplant was 95%: 96% for cadaver kidneys
(n 5 59) and 95% for living donor kidneys (n5 150).
Kidney graft survival rates were also not affected by the
interval between the pancreas and the kidney transplants.
The 1-year kidney graft survival rates were 100%, 100%,
98%, and 92%, respectively (P 5 NS), at these intervals
after the KTA: 0 to 1, 1 to 2, 2 to 12, and more than 12
months.

The outcome for PAK transplants done very early (less
than 2 months) after a kidney is possibly less good, but
statistically not different from those done later. Certainly
after 2 months the outcome is not influenced by the interval.

Outcome by Donor Risk Factors

Donor Age

Cadaver donor age per se was significantly associated
with pancreas graft survival rates only in the SPK category.
In eras 3 and 4 combined for primary SPK recipients with
cadaver donors younger than 45 (n5 141) versus 45 years
or older (n5 33), the 1-year pancreas graft survival rate was
81% versus 69% (P # .08). The 1-year SPK kidney graft
survival rate was not significantly different with younger
(vs. older) donors: 89% (vs. 87%). In eras 3 and 4 com-
bined, for primary PAK recipients with cadaver donors
younger than 45 (n5 141) versus 45 or older (n5 17), the
1-year pancreas graft survival rate was 77% versus 81%
(P 5 NS). For primary PTA recipients with cadaver donors
younger than 45 (n5 56) versus 45 or older (n5 9), the
1-year graft survival rate was 78% versus 73% (P 5 NS).

Technical failure rates in eras 3 and 4 combined were also
not significantly different for primary cadaver pancreas re-
cipients with donors younger than 45 versus 45 or older: for
SPK, 11% versus 18%; for PAK, 13% versus 12%; and for
PTA, 4% versus 0%. The minimal differences seen in
outcome for older versus younger donors may reflect selec-
tive use of older cadaver donors; they represented only 19%,

11%, and 14% of donors, respectively, in the SPK, PAK,
and PTA categories.

Cause of Cadaver Donor Death

In eras 3 and 4 combined, 60% of SPK (n5 174), 64%
of PAK (n 5 158), and 62% of PTA (n5 65) cadaver
donors for primary pancreas transplants died of trauma. In
the SPK category, the 1-year functional survival rates for
pancreas grafts from trauma (n5 103) versus nontrauma
(n 5 71) donors were 81% versus 76%; for PAK grafts from
trauma (n5 101) versus nontrauma (n5 57) donors, 77%
versus 80%; and for PTA grafts from trauma (n5 40)
versus nontrauma (n5 25) donors, 73% versus 86% (P 5
NS for all comparisons).

We also analyzed for the presence of vascular disease in
donors (24%). Donor vascular disease slightly influenced
outcome in the SPK category: for transplants from donors
with (n 5 47) versus without (n5 127) vascular disease, the
1-year pancreas graft survival rate was 71% versus 82%
(P # .2). In the PAK category, for transplants from donors
with (n 5 35) versus without (n5 123) vascular disease, the
1-year pancreas graft survival rate was 76% versus 78%
(P 5 NS). In the PTA category, for transplants from donors
with (n 5 15) versus without (n5 50) vascular disease, the
1-year rate was 83% versus 76% (P 5 NS).

In analyses of the combination of cadaver donor age
(15% were 45 years or older) with a risk factor (vascular
disease vs. no vascular disease; or trauma vs. nontrauma as
the cause of death), a marginally significant effect was seen
only in the SPK category: for recipients with older donors
(n 5 18) with versus without (n5 15) vascular disease, the
1-year graft survival rate 78% versus 58% (P # .1).

Local or Nonlocal Source

Most cadaver organs for SPK transplants were procured
from local donors, whereas most pancreases for solitary
(PAK and PTA) transplants were procured outside our area
by other surgeons. Pancreas graft survival rates were not
significantly different for local versus nonlocal organs
within each category, except possibly for PTA in era 2. In
era 2, the 1-year function rates for local versus nonlocal
pancreas grafts for SPK were 61% (n5 149) versus 69% (n
5 51); for PAK, 50% (n5 22) versus 65% (n5 34); and
for PTA (P 5 .13), 65% (n5 17) versus 52% (n5 42). In
eras 3 and 4 combined, the 1-year function rates for local
versus nonlocal primary pancreas grafts for SPK were 81%
(n 5 157) versus 75% (n5 28); for PAK, 82% (n5 56)
versus 78% (n5 86); and for PTA, 77% (n5 20) versus
74% (n5 40).

These relatively good results may reflect our selectivity in
acceptance of nonlocal pancreas grafts. For example, in eras
3 and 4, the proportion of outside offers accepted was 9%,
13%, 17%, and 21% in 1996 (n5 203), 1997 (n5 270),
1998 (n5 283), and 1999 (n5 514). About half of the
offers were turned down because of an unacceptable HLA
mismatch; most of the others were refused because of
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perceived donor unsuitability (age, history, anatomy, infec-
tions, preservation time, and so forth).

Duration of Graft Preservation

The graft survival rates for primary cadaver pancreas
transplants were not statistically different by preservation
time in any recipient category or in any era. For eras 3 and
4 combined, the 1-year functional survival rates for pan-
creas grafts stored 1 to 11, 12 to 23, or more than 24 hours
were as follows: for SPK, 86% (n5 21), 79% (n5 141),
and 67% (n5 12); for PAK, 77% (n5 18), 77% (n5 123),
and 88% (n5 17); and for PTA, 75% (n5 8), 75% (n5
51), and 100% (n5 6). In the SPK category, the functional
survival rates for the kidney (nearly always implanted be-
fore the pancreas) for the corresponding preservation times
were 95%, 84%, and 78% (P 5 .13). In eras 3 and 4
combined, there were no preservation times of more than 30
hours. However, cold storage for at least this time is feasi-
ble, because the 1-year functional survival rate for all pan-
creas grafts stored 24 to 30 hours (n5 35, all categories)
was 83%.

HLA Matching

In our analyses of technically successful primary cadaver
grafts by number of donor HLA class I (A and B loci)
mismatches with the recipients, we found no significant
differences in the SPK category in any era. In era 2, the
1-year technically successful SPK pancreas graft survival
rates for 0 versus 1, versus 2, versus 3, versus 4 HLA-A, B
mismatches were 92% (n5 12), 95% (n5 23), 93% (n5
48), 89% (n5 40), and 100% (n5 17); in eras 3 and 4
combined, the rates were 100% (n5 5), 92% (n5 13),
100% (n5 46), 97% (n5 33), and 100% (n5 15). In era
4, for technically successful SPK recipients enteric drain-
age, the 1-year graft survival rate was 100% for each
number of mismatches: 0 (n5 10), 1 (n5 8), 2 (n5 12),
3 (n 5 10), and 4 (n5 2).

Each HLA locus (A, B, or DR) was also analyzed sepa-
rately. For SPK transplants, a modest effect on outcome was
seen at the DR locus. For bladder drainage SPK transplants
in era 2, the 1-year functional survival rates with 0 (n5 30),
1 (n 5 79%) or 2 (n5 31) DR mismatches were 100%,
91%, and 93% (P 5 .18). For technically successful bladder
drainage SPK pancreas transplants in eras 3 and 4 com-
bined, the 1-year functional survival rates for 0 (n5 8), 1
(n 5 55), and 2 (n5 29) DR mismatches were 100%, 98%,
and 96% (P 5 .08).

For solitary technically successful bladder drainage pan-
creas transplants, the effect of HLA mismatching on out-
come was stronger in the PTA than the PAK category. For
PAK recipients in era 2 with 0, versus 1, versus 2, versus 3,
versus 4 mismatches, the 1-year pancreas graft functional
survival rates were 83% (n5 7), 90% (n5 12), 88% (n5
16), 60% (n5 10), and 67% (n5 3); in eras 3 and 4
combined, the rates were 83% (n5 6), 92% (n5 29), 95%
(n 5 42), 90% (n5 21), and 80% (n5 5) (P 5 .14).

For technically successful bladder drainage PTA recipi-
ents in eras 3 and 4 combined, the 1-year graft functional
survival rates for 0 (n5 7), 1 (n5 25), 2 (n5 18), and 3
(n 5 3) HLA-A,B mismatches were 100%, 87%, 85%, and
0% (P 5 .004).

In our analyses of separate loci, only at the B locus did we
find a significant effect on solitary pancreas transplant out-
come. For technically successful bladder drainage PAK
recipients in era 2 (n5 46), the 1-year graft survival rates
for 0 (n 5 12), 1 (n 5 22), and 2 (n5 12) HLA-B
mismatches were 100%, 82%, and 67% (P 5 .06); at 5
years, the rates were 89%, 48%, and 40% (P 5 .05). In eras
3 and 4 combined, the effect of mismatching at the B locus
for technically successful bladder drainage PAK recipients
disappeared: the 1-year functional survival rates for 0 (n5
22), 1 (n5 59), and 2 (n5 22) mismatches were 91%, 95%,
and 86% (P 5 NS).

However, for technically successful bladder drainage
PTA recipients, we saw a beneficial effect of minimizing
mismatching at the B locus in both era 2 and in eras 3 and
4 combined. For 0 versus 1, versus 2 HLA-B mismatches in
era 2, the 1-year graft survival rates were 50% (n5 10),
73% (n5 26), and 50% (n5 24) (P 5 .03); in eras 3 and
4 combined, the rates were 92% (n5 18), 86% (n5 31),
and 25% (n5 4) (P 5 .005).

Subsequent Cox regression analyses confirmed that min-
imizing mismatching at the HLA-B locus had a significant
impact on pancreas graft survival (see below).

Kidney Transplant Outcome for Uremic
Diabetic Pancreas Versus Nonpancreas
Recipients

Virtually all uremic diabetic patients referred to our pro-
gram since era 1 were offered the option of a living donor
or cadaver KTA (with the possibility of a subsequent PAK
transplant) or an SPK transplant (in era 2 from a cadaver
donor, in eras 3 and 4 from either a living donor or a cadaver
donor). We strongly encourage living donor kidney trans-
plants,142 and a high proportion of our uremic diabetic
pancreas transplant candidates underwent a living donor
KTA. For those without a living donor, a cadaver SPK
transplant was possible only in those with adequate financial
coverage: this proportion increased from era 2 to eras 3 and
4. The proportion of living donor and cadaver KTA recip-
ients who went on to get a PAK transplant also depended on
their financial coverage; again, this proportion increased
from era to era. However, many living donor and cadaver
KTA recipients were not able to, or chose not to, have a
subsequent pancreas transplant. Thus, we can compare both
patient and kidney graft survival rates both in era 2 and eras
3 and 4 combined for cadaver SPK versus living donor or
cadaver KTA recipients as well as for cadaver PAK (with
the previous kidney from either a living donor or a cadaver
donor) versus living donor or cadaver KTA recipients.

Our PTA recipients were nonuremic at the time of trans-
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plant, but some with moderate nephropathy before the trans-
plant developed progressive renal insufficiency after the
pancreas transplant and went on to have a kidney after
pancreas (KAP) transplant.143 The outcome in this group is
also described.

Cadaver SPK Versus Living Donor or Cadaver
KTA Patient and Kidney Graft Survival Rates

In era 2, uremic diabetic recipients of a cadaver SPK
early on had lower patient and kidney graft survival rates
(Fig. 5) than their KTA counterparts. In the long term (more
than 5 years), however, patient and kidney graft survival
rates for SPK recipients were actually slightly higher than
for cadaver KTA recipients. In era 2, patient survival rates
for primary cadaver SPK (n5 212) versus cadaver KTA (n
5 142) transplants were 85% versus 92% at 1 year and 59%
versus 56% at 10 years (P 5 NS). The corresponding
kidney graft survival rates were 77% versus 86% at 1 year
and 48% versus 45% at 10 years (P 5 NS). However, in era
2, for living donor KTA recipients (n5 186), patient and
kidney graft survival rates were significantly higher than for
either SPK or KTA cadaver recipients: 94% and 90% at 1
year and 65% and 59% at 10 years (P # .03 for both
comparisons, patient and kidney survival).

In eras 3 and 4 combined, there was no penalty, early or

late, for adding a pancreas to a kidney for cadaver uremic
diabetic recipients. Patient survival rates at 1 year for pri-
mary cadaver SPK (n5 209) versus cadaver KTA (n5 80)
were 92% versus 91% at 1 year and 88% versus 80% at 4
years (P 5 NS). The corresponding kidney graft survival
rates were 88% versus 82% at 1 year (P 5 .06) and 81%
versus 69% at 4 years (P 5 .04). Thus, in this era, kidney
graft functional survival rates were even better for cadaver
SPK than for cadaver KTA recipients. Further, cadaver SPK
outcomes did not differ significantly from those of living
donor KTA (n 5 107) recipients, in terms of either patient
survival (91% at 1 and 84% at 4 years) or kidney graft
functional survival (87% at 1 and 79% at 4 years).

Cadaver Pancreas PAK (Living Donor or
Cadaver Kidney) Versus Living Donor or
Cadaver KTA Kidney Graft Survival Rates

In era 1, we did not compare kidney graft survival rates
for PAK and KTA recipients, but we did calculate long-term
kidney function rates for PAK recipients. In era 1, for PAK
cadaver kidney recipients (n5 19), the kidney graft func-
tional survival rates from the time of the kidney transplant
were 100% and 57% at 1 and 10 years; from the time of the
pancreas transplant, the rates were 79% and 20% at 1 and 10
years. For PAK living donor kidney recipients (n5 46),

Figure 5. (A) Patient and (B) kidney graft survival rates in era 2 for primary cadaver simultaneous
pancreas–kidney transplant versus cadaver or living donor kidney transplant alone; (C) patient and (D)
kidney graft survival rates in eras 3 and 4 combined for the same categories.
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kidney survival rates from the time of the kidney transplant
were 100% and 59% at 1 and 10 years; from the time of the
pancreas transplant, they were 91% and 41%.

In era 2 (Fig. 6) and in eras 3 and 4 combined (Fig. 7), we
compared kidney graft functional survival rates for primary
cadaver PAK recipients with either a cadaver or living
donor kidney versus primary cadaver or living donor KTA
recipients. In both eras, we found no penalty for adding a
pancreas after a kidney; indeed, the addition of a pancreas
was associated with superior long-term kidney graft func-
tional survival rates.

In era 2, the cadaver kidney graft functional survival rates
from the time of the kidney transplant for recipients who
went on to get a PAK (n5 142) transplant were 97% and
71% at 1 and 10 years. For cadaver KTA diabetic recipients
(n 5 33), the corresponding rates were lower: 86% (P 5
.007) and 43% (P 5 .003). However, to get a PAK trans-
plant, a kidney recipient had to survive an interval to the
pancreas transplant with a functioning kidney. Therefore,
we did a separate analysis of kidney graft survival rates in
PAK recipients from the time of the pancreas (PAK) trans-
plant. In this analysis, cadaver kidney graft functional sur-
vival rates at 1 and 10 years after the pancreas transplant in
PAK recipients were 94% and 64%, slightly better than the

kidney graft survival rates at 1 and 10 years from the time
of the kidney transplant in the cadaver KTA recipients (P 5
.14 at 1 and .06 at 10 years). Correcting diabetes seems to
promote long-term cadaver kidney graft function.

The same trend was seen in our analysis of living donor
kidney graft functional survival rates in PAK and KTA
recipients in era 2. In era 2, living donor kidney graft
functional survival rates from the time of the kidney trans-
plant in recipients who went on to get a PAK (n5 66) were
98% and 73% at 1 and 10 years versus 90% (P 5 .05) and
59% (P 5 .09) in living donor KTA recipients (n5 185).

Again, PAK living donor recipients had to survive the
interval to the pancreas transplant with a functioning kid-
ney, so we also did a separate analysis of living donor
kidney graft survival rates in PAK recipients from the time
of the pancreas (PAK) transplant. In this analysis, living
donor kidney graft functional survival rates at 1 and 10
years after the pancreas transplant in PAK recipients were
92% and 68%, at least as good as the kidney graft survival
rates from the time of the kidney transplant in living donor
KTA recipients (P 5 NS).

In eras 3 and 4 combined, it was even more apparent that
long-term kidney functional survival rates were better in
PAK than KTA recipients. The cadaver kidney graft func-

Figure 6. Kidney graft survival rates in era 2 for cadaver pancreas after kidney transplant (PAK) recipients
with cadaver kidneys versus cadaver kidney transplant alone (KTA) from the time of the (A) kidney transplant
or (B) pancreas transplant (in PAK); and for primary cadaver PAK recipients with living donor kidneys versus
living donor KTA from the time of the (C) kidney transplant or (D) pancreas transplant (PAK).
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tional survival rates from the time of the kidney transplant
in recipients who went on to get a PAK (n5 50) were 100%
and 93% at 1 and 4 years versus 82% (P 5 .002) and 69%
(P 5 .004) in diabetic cadaver KTA recipients (n5 80).

In eras 3 and 4 combined, we analyzed cadaver kidney
graft survival rates in PAK recipients from the time of the
pancreas (PAK) transplant. The rates at 1 and 4 years were
91% and 87%, again slightly better than the cadaver living
donor kidney graft survival rates in KTA recipients from the
time of the kidney transplant (P 5 .09 at 1 year and .16 at
4 years).

For living donor kidney recipients in eras 3 and 4 com-
bined, the 1- and 4-year kidney graft functional survival
rates from the time of the living donor kidney transplant in
recipients who went on to get a PAK transplant (n5 148)
were 100% and 94% at 1 and 4 years versus 87% (P 5
.0001) and 79% (P 5 .0002) in diabetic living donor KTA
recipients. In our separate analysis of living donor kidney
graft survival in PAK recipients from the time of the pan-
creas transplant, the function rates were 96% and 84% at 1
and 4 years, again significantly higher than the kidney
survival rates from the time of the kidney transplant in

living donor KTA recipients (P 5 .01 at 1 and .06 at 4
years).

In each analysis, the addition of a pancreas (PAK) was
associated with kidney graft survival rates that were higher
than in KTA recipients, whether the kidney was from a
cadaver or a living donor.

Kidney After Pancreas (KAP) Transplants in
PTA Recipients

In the entire cohort of primary PTA recipients in all eras
(n 5 223), 36 went on to have a kidney transplant, 25 after
the primary pancreas transplant (12 with and 13 without the
original pancreas graft functioning at the time of the KAP
transplant), 10 after a second PTA (2 functioning), and 1
after a third PTA (functioning). Only 2 of the 36 KAP
recipients were receiving dialysis at the time of the primary
kidney transplant (6%), because early transplants are indi-
cated for those already receiving immunosuppression.

Our cumulative incidence of KAP after primary PTAs
was 4% by 1 year. The incidence with (n5 90) versus
without (n 5 133) sustained pancreas graft function after
PTAs (all cases) was nearly identical: 10% versus 10% at 5
years and 16% versus 12% at 10 years (P 5 NS). The

Figure 7. Kidney graft survival rates in eras 3 and 4 combined for primary cadaver pancreas after kidney
transplant (PAK) recipients with cadaver kidneys versus cadaver kidney transplant alone (KTA) from the time
of the (A) kidney or (B) pancreas transplant (PAK); and for primary cadaver PAK recipients with living donor
kidneys versus living donor KTA from the time of the (C) kidney transplant or (D) pancreas transplant (PAK).
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incidence of KAP transplants diminished slightly in succes-
sive eras: at 5 years after the pancreas transplant, it was 15%
in era 1 (n5 83), 12% in era 2 (n5 119), and 8% in eras
3 and 4 combined (n5 80) (P 5 .2).

Our total number of KAPs was 40 (one recipient had 4;
one had 2). Of these 40, 13 were cadaver SPK (primary
kidney) transplants and 27 (23 primary, 4 secondary) were
a kidney alone (11 cadaver, 10 primary; 16 living donor, 13
primary). In the recipients who had four KAP transplants,
an SPK kidney functioned for 1 year (the pancreas for 11
years) and the next three (all kidneys alone) for 3, 6, and
more than 2 (current) years (a pancreas retransplant done after
the fourth kidney is also currently functioning). In the recipient
with two KAP transplants, the first kidney functioned for only
4 months, while the second (an SPK) is currently functioning
(as is the pancreas) after more than 1 year.

For the 36 primary KAP transplants (including the SPK
transplants), the 1-year kidney graft survival rate was 80%:
45% for SPK (n5 13) versus 96% for kidney alone (n5
23) (P 5 .0004). With these results, our approach for PTA
recipients with declining renal function is to add a kidney
early rather than risk pancreas graft rejection by lowering
the dose of calcineurin inhibitors to suboptimal immuno-
suppression levels in an attempt to lessen nephrotoxicity.

Rejection Episode Incidence by
Recipient Category

Immunosuppressive protocols for pancreas recipients
changed in each era and were associated with a decrease in
pancreas graft rejection loss rates in each recipient category.
From era 2 on, rejection episodes were nearly always treated
with anti-T-cell agents in addition to steroids.

To determine whether the protocol changes in prophylac-
tic immunosuppression altered the probability of a rejection
episode, we calculated the cumulative incidence to the first
treated episode in primary cadaver technically successful

pancreas recipients (DWFG censored) in eras 2, 3, and 4. In
the SPK category, the episode was included in the tabulation
if the kidney, the pancreas, or both were involved. The
diagnosis of a rejection episode in SPK recipients was based
on an elevation of serum creatinine (usually with renal
biopsy confirmation). Diagnosis of a rejection episode in
bladder drainage pancreas recipients was based on a 50%
decline in urine amylase (units per hour). For nonbladder
drainage pancreas recipients, an elevation in serum pancre-
atic enzyme levels was used to diagnose a rejection episode
(usually with graft biopsy confirmation). For the purposes
of analysis, however, rejection episode identification was
based on the need for treatment.

The cumulative incidence of rejection episodes for tech-
nically successful grafts in each recipient category, regard-
less of duct management, is given in Table 3 (a separate
analysis showed no difference with the overall analysis,
even though 75% of primary SPK grafts in era 4 were
enteric drainage). In each category, the incidence of rejec-
tion episodes declined in successive eras. In each era, the
incidence of rejection episodes was highest in the PTA and
lowest in the SPK recipients.

In the SPK and PAK categories, after 1 year the proba-
bility of having a rejection episode, if one had not previ-
ously occurred, was almost nonexistent. In the PTA cate-
gory, recipients who escaped a rejection episode in the first
year were still at relatively high risk for one to occur. In a
separate analysis of eras 3 and 4 combined, the incidence of
rejection episodes at 1 year in the SPK (n5 182) versus
PAK (n 5 153) versus PTA (n5 67) recipients was 31%
versus 47% versus 61% (P 5 .001). By 4 years, the cumu-
lative incidences of rejection episodes in the SPK and PAK
categories had risen to only 36% and 54%; in the PTA
category, the rate was 77%. Thus, for PTA recipients,
laboratory parameters must be monitored frequently to de-
tect late rejection episodes, but in the SPK and PAK cate-
gories, monitoring can be less intense.

Table 3. CUMULATIVE INCIDENCE OF REVERSIBLE REJECTION EPISODES IN
TECHNICALLY SUCCESSFUL TRANSPLANT BY ERA AND RECIPIENT CATEGORY

Era 2 Era 3 Era 4
P

Value*

SPK (n)* (165) (106) (76)
3 months 46% 22% 13% ,.0001
1 year 51% 34% 25% .001

PAK (n) (46) (69) (89)
3 months 41% 32% 19% .13
1 year 51% 50% 44% NS

PTA (n) (60) (28) (39)
3 months 58% 41% 22% .01
1 year 78% 68% 56% .01

* In each era, the incidence of rejection episodes was also significantly different between categories (P # .01).
SPK, simultaneous pancreas–kidney; PAK, pancreas after kidney; PTA, pancreas transplant alone.
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Pancreas Retransplants

In our entire series (all eras) of pancreas transplants since
1978 (n 5 1,180), 191 (16%) were retransplants (13%
second transplants, 2.5% third, 0.3% fourth); all but three
were from cadaver donors. Of the 154 pancreas recipients
who went on to have one or more retransplants, the primary
was an SPK in 47 (the second was a SPK in 12 [26%] and
a PAK in 35 [74%]); a PAK in 47 (the second was an SPK
in 5 [11%] and a PAK in 42 [89%]); and a PTA in 60 (the
second was an SPK in 8 [13%] and a PTA in 52 [87%]).

Analyses were done by era, recipient category, interval
between the primary and retransplant, and cause of first
graft failure.

SPK Retransplants

In eras 2, 3, and 4 combined, we did 36 SPK retrans-
plants. Of the 25 second SPK transplants, 12 (48%) were
after an SPK, 5 (20%) after a PAK, and 8 (32%) after a PTA
(in which case the kidney transplant was a primary graft). In
the SPK category for era 2, the 1-year patient, pancreas, and
kidney graft survival rates were 79%, 58%, and 53% for
pancreas retransplants (n5 19) versus 85% (P 5 .05), 64%
(P 5 .17), and 77% (P 5 .004) for primary transplants (n5
214). The outcome was better for SPK retransplants in eras
3 and 4 combined. The 1-year patient, pancreas, and kidney
graft survival rates were 87%, 70%, and 87% for retrans-
plants (n5 17) versus 93% (P 5 .02), 80% (P 5 .04), and
90% (P 5 .03) for primary transplants (n5 234).

PAK Retransplants

In all eras combined, we did 93 PAK retransplants. Of the
77 second PAK transplants, 35 (45%) were after an SPK
and 42 (45%) after a PAK. In the PAK category for era 1,
the 1-year patient and pancreas graft survival rates for
retransplants (n5 12) were 92% and 25% versus 89% and
26% for primary transplants (n5 53) (P 5 NS). In era 2 we
saw little improvement for PAK retransplants (n5 35):
1-year patient and graft survival rates were 80% and 29%
versus 99% (P 5 .006) and 55% (P 5 .005) for primary
transplants (n5 73). In eras 3 and 4 combined, however, the
PAK retransplant (n5 46) outcome improved, with 1-year
patient and graft survival rates of 93% and 75% versus 97%
(P 5 .06) and 79% (P 5 NS) for primary transplants (n5
171).

PTA Retransplants

In all eras combined, we did 60 PTA retransplants (52
second transplants). In the PTA category for era 1, the
1-year patient and pancreas graft survival rates for retrans-
plants (n5 15) were 100% and 33% versus 85% and 34%
for primary transplants (n5 68) (P 5 NS). PTA outcome
improved in era 2 for both primary transplants and retrans-
plants. The 1-year patient and graft survival rates for re-
transplants (n5 32) were 84% and 53%; for primary
transplants (n5 87), the figures were 94% (P 5 .16) and

52% (P 5 NS). In eras 3 and 4 combined, the improvement
continued for primary but not retransplant PTA recipients.
The 1-year patient and graft survival rates were 100% and
44% for retransplants (n5 12) versus 95% (P 5 NS) and
82% (P 5 .08) for primary transplants (n5 68).

Retransplant Outcome by Cause of First
Graft Failure

We compared outcome of second pancreas transplants in
each category in all eras by cause of primary graft loss:
rejection versus no rejection. For SPK second transplants,
the 1-year pancreas graft functional survival rate was 74%
for rejection (n5 20) versus 60% for no rejection (n5 5)
recipients (P 5 NS). For PAK second transplants, the
1-year function rate was 50% for rejection (n5 32) versus
51% for no rejection (n5 44) recipients (P 5 NS). For PTA
second transplants, the 1-year function rate was 44% for
rejection (n5 32) versus 42% for no rejection (n5 19)
recipients (P 5 NS). It appears that the probability of a
successful retransplant is not influenced by the cause of
primary graft failure.

Influence of Interval From Primary Transplant to
Retransplant on Outcome

At the time of a pancreas graft technical failure, it is
tempting to do an immediate retransplant if a donor is
available. Doing so achieves the objective of insulin inde-
pendence at once and avoids a late reoperation in a scarred
surgical field. In all eras combined, we compared the graft
survival rates of pancreas retransplants done early (less than
2 weeks after the original transplant) versus late (more than
2 weeks).

Of the 137 Minnesota-done primary pancreas transplant
losses (all categories) in which the recipient had a second
transplant, the second was done early in 29 (21%). Of the
early second transplants, 17 (1 SPK, 16 PAK) (49%) were
after a primary SPK (n5 35); 7 (1 SPK, 6 PAK) (15%)
were after a primary PAK (n5 46); and 5 (all PTA) (9%)
were after a primary PTA (n5 58). Of the 18 late second
transplants after a Minnesota primary pancreas graft failure
in the SPK category, the retransplant was in the SPK cate-
gory in 4 (22%) and in the PAK category in 14 (78%). Of
the 39 late second transplants after a PAK pancreas graft
failure, the retransplant was in the SPK category in 2 (5%)
and in the PAK category in 37 (95%). Of the 53 late second
transplants after a primary PTA failure, the retransplant was
in the SPK category in 8 (15%) and in the PTA category in
45 (85%). (One enteric drainage PTA second transplant was
done to correct pancreas exocrine deficiency in a pancrea-
tectomized [native] patient with a functioning bladder drain-
age PTA.)

Of our 17 second transplants (7 SPK, 8 PAK, 2 PTA) in
which the primary transplant was done elsewhere (11% of
our second transplants), all were late (5 SPK after an SPK,
7 SPK after a PAK, 2 PAK after an SPK, 1 PAK after a
PAK, and 2 PTA after a PTA). These cases are included in
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our comparison of outcome for early versus late second
pancreas transplants.

Of all 154 second transplants, 3 were from living donors,
all late (1 sequential PAK and 2 sequential PTA cases).
Most of the second transplants were after a cadaver primary,
but 31 were after a primary living donor transplant (1 SPK
after a PTA; 5 PAK after an SPK [2 early]; 11 PAK after a
PAK; and 14 PTA after a PTA [1 early]).

For our analysis, we divided retransplants into those done
at less than 2 weeks versus more than 2 weeks after the
original transplant. Nearly all of the latter were months or
years after the original transplant, although the interval from
the primary graft failure to the retransplant might be short.

For SPK retransplants, the mean interval from the pri-
mary (Minnesota) to the second pancreas transplant was 4.5
years (in half, the interval was between 16 and 76 months).
For PAK and PTA retransplants, the mean interval from the
first was about 2 years in both (the interval was between 7
and 34 months for half of the PAK and between 11 and 44
months for half of the PTA).

For SPK second transplants (10 after an SPK, 1 early; 5
after a PAK, 1 early; 8 after a PTA, none early), the 1-year
function rate was 50% for those done early (n5 2) versus
73% for those done late (n5 21) (P 5 .07). For PAK
second transplants (30 after an SPK, 16 early; 43 after
a PAK, 6 early), the 1-year function rate was 60% for early
(n 5 22) versus 48% for late (n5 51) (P 5 NS). For PTA
second transplants, the 1-year function rate was 40% for
early (n5 5) versus 44% for late (n5 47) (P 5 NS).

Few (9%) of the second pancreas transplants in the SPK
category were in the early subgroup because of limitations
in kidney allocation. Of the second pancreas transplants in
the PAK category, 28% were in the early subgroup. The
outcome for solitary pancreas retransplants was similar for
those done early or late.

We did 30 third pancreas transplants (all but one recipient
had had the second pancreas at Minnesota, 29 from cadaver
donors). Of the 30 third transplants (all cadaver), 1 SPK and
1 PAK were after a second SPK; 3 SPK and 12 PAK were
after a second PAK; and 6 SPK and 7 PTA were after a
second PTA. Only one (3%), an SPK after a PAK, was
early. The 1-year third graft survival rate was 50% for SPK
(n 5 10), 46% for PAK (n5 13) (the early retransplant is
functioning), and 71% for PTA (n5 7) recipients.

We did four fourth pancreas transplants (all cadaver),
with a 50% 1-year graft survival rate. One was an SPK after
PAK (it functioned for more than 3 years until the patient
died), and three were after a PAK (one is functioning at
more than 1 year).

Living Donor Pancreas Transplants

Nearly all of the solitary (PAK and PTA) pancreas trans-
plants were done in eras 1 and 2 (Fig. 8). All but two of the
living donor SPK transplants (n5 29) were done in eras 3
and 4 combined (Fig. 9).

In era 1, we primarily used living donors because the
rejection rate for solitary cadaver pancreas transplants was
high with the immunosuppressive regimens then used. The
technical failure rate was high for both cadaver and living
donor PAK transplants in this era (23% and 33%, respec-
tively), so the main gain of using living donors was immu-
nologic, as reflected by the graft survival rates for techni-
cally successful PAK transplants. For technically successful
PAK transplants from living donors (n5 10) versus cadaver
(n 5 37) donors, the pancreas graft survival rates were 90%
versus 22% at 1 year (P 5 .004) and 70% versus 9% at 5
years (P 5 .002).

Also in era 1, the improvement in pancreas graft survival
rates with living donors was much higher for PAK than for
PTA transplants. It may be that the chronic immunosup-
pression PAK recipients were already receiving contributed
to this difference, but also most (84% of technically suc-
cessful cases) of the living donor PAK recipients had pre-
viously received a kidney from the same donor and thus had
been selected as having an immunologically favorable state
with their particular donor. That situation was not the case
with cadaver PAK transplants, where the pancreas always
came from a different donor than the kidney, or with PTA
transplants, where donor selection based on a previously
favorable outcome was not possible.

Living Donor PAK

Of 10 technically successful living donor PAK recipients
in era 1, 9 had the same donor for the kidney and pancreas
(sequential operations). The only early failure (less than 1
year) was part of the identical twin series (the only one with
a kidney transplant63); the recipient was not immunosup-
pressed for either organ (inconsequential for the kidney),
and the pancreas graft developed recurrent autoimmune
isletitis.64 The immunologic privilege in this case did not
extend to the beta cells. The other nine technically success-
ful living donor PAK grafts in era 1 (including the one from
a different donor, who was HLA identical with both the
kidney donor and the recipient) all functioned for more than
1 year, the longest now for nearly 20 years (a duct injection
segmental graft done in 1980, a year after a kidney trans-
plant from the same donor).

In era 2, the rejection rate of technically successful ca-
daver PAK transplants (n5 46) was much lower than in era
1; thus, the advantage of a technically successful living
donor PAK (n 5 7) was less in era 2, at least early on
(functional survival rates for living donor vs. cadaver grafts
were 71% vs. 82% at 1 year and 71% vs. 53% at 10 years
[P 5 NS]). Of the seven technically successful living donor
PAK transplants in era 2, the only two graft losses occurred
when the pancreas came from a different donor than the
kidney. In the other five, the kidney and pancreas grafts
came from the same donor in sequential operations, and all
are functioning between 6 and 13 years.

The living donor PAK transplant outcomes in era 1 and 2
demonstrate the potential for lifelong function of a pancreas
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graft. However, because of the immunologically privileged
nature of a living donor PAK transplant from the same
donor as the kidney, the immunologic advantage, or lack
thereof, of a living donor pancreas transplant over a cadaver
transplant is more easily discerned in the PTA category.

Living Donor PTA

In era 1, the technical failure rates for primary living
donor PTA (n5 33) versus cadaver PTA (n5 36) were
33% and 33%. Our hope that the rejection rate would be less
for technically successful living donor PTA (n5 22) than
for technically successful cadaver PTA (n5 24) grafts
turned out not to be the case for era 1: primary graft survival
rates at 1 year were 53% versus 52%; at 10 years, they were
24% versus 22% (P 5 NS).

Also in era 1, we were making the transition from aza-
thioprine and prednisone to cyclosporine and prednisone for
maintenance immunosuppression. It was not until era 2,
when we went to triple therapy for maintenance, that we
saw an improvement in technically successful PTA graft
survival rates, but with living donor only. In era 2, graft
survival rates for technically successful living donor PTA

(n 5 11) versus technically successful cadaver PTA (n5
60) procedures were 82% versus 60% at 1 year (P 5 .05)
and 64% versus 23% at 10 years (P 5 .04).

With triple therapy in era 2, living donors definitely gave
an advantage for PTA. (The introduction of triple therapy
had much more of an impact on cadaver PAK than on
cadaver PTA results.) It was not until era 3 (tacrolimus and
MMF) that cadaver PTA 1-year graft survival rates38

equaled those of living donor PTA in era 2.
Thus, in era 3 we placed less emphasis on living donors

for PTA transplants because cadaver donor pancreas grafts
were readily available in the country for the small number
of PTA candidates listed,87 and the success rate with ca-
daver grafts had improved.

The potential for PTA grafts to function for a lifetime was
shown in the era 1 series. Eight of those grafts (five from
living donors and three from cadaver donors) are currently
functioning 14 to 18 years after the transplant.

Living Donor SPK

We initiated living donor SPK transplants in March 1994,
just before era 3 began.88 Of the 29 donors, 7 were HLA-

Figure 8. Functional survival rates of technically successful pancreas grafts from living donor versus
cadaver donors for pancreas after kidney transplant recipients in (A) era 1 and (B) era 2 and for pancreas
transplant alone recipients in (C) era 1 and (D) era 2.
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identical siblings, 21 were HLA-mismatched relatives, and
1 was an ABO-incompatible (AB-to-B) friend donating to a
recipient with a low titer of anti-A antibodies made even
lower by plasmapheresis (both grafts are currently function-
ing at more than 1 year).

We used duct injection in the first 2 SPK segmental
pancreas grafts (both still functioning after more than 6
years), as well as in a later duct injection case (the pancreas
failed at 4 months; the kidney is still functioning at more
than 3 years). We used enteric drainage in 1 case (both
organs are functioning at more than 1 year) and bladder
drainage in 25 (3 were technical failures, all thromboses, 2
at less than 1 week and 1 at 5 months from a proximal iliac
artery occlusion; 2 pancreas grafts were rejected at 15 and
25 months, but both the kidney grafts are still functioning at
3 and 4 years after the transplant).

For all living donor SPK transplants (n5 29), the 1-year
patient, pancreas, and kidney graft survival rates were
100%, 86%, and 100% (vs. 92%, 79%, and 88% for primary
cadaver SPK transplants in eras 3 and 4 combined [n5
212]). The corresponding 5-year rates were 100%, 77%, and
94% (vs. 88%, 73%, and 81%).

One living donor kidney graft failed at more than 3 years
as a result of chronic sequelae of an early posttransplant
hemolytic-uremic syndrome. The pancreas graft in this pa-
tient continues to function at more than 4 years, and a
second kidney graft is also functioning.

Of the six living donor SPK recipients whose primary
pancreas grafts failed, five have been retransplanted (one
twice) with cadaver pancreas grafts. The two with early
thrombosis of the primary graft were retransplanted during
the same hospital stay. Four of these recipients currently
have a functioning pancreas at 4, 30, 30, and 44 months
after the retransplant. Thus, of the 29 living donor SPK
recipients, all are currently alive with functioning kidneys (1
retransplanted), and 27 have functioning pancreas grafts (4
retransplanted).

Cox and Logistic Multivariate Analyses
of Pancreas Transplant Outcome

The univariate analyses in the preceding sections were
supplemented by Cox multivariate and logistic regression
analyses for eras 3 and 4 combined, done separately in each
recipient category (SPK, PAK, and PTA). The Cox method
was used to determine the effect of the chosen variables
(retransplant vs. primary transplant; bladder drainage vs.
enteric drainage; recipient or donor age younger than or
older than 45 years; preservation for more than or less than
20 hours; recipient body mass index [BMI] less than or
more than 25 kg/m2; presence or absence of vascular dis-
ease; 0 vs. 1 vs. 2 HLA antigen mismatches at a given locus;
and era 3 vs. era 4) on the relative risk (RR) for patient
death, graft failure from all causes, and technically success-
ful graft failure from rejection. The logistic regression
method was used to determine the effect of the chosen
variables (as in the Cox) with two more added: trauma
versus no trauma as the cause of donor death, and right iliac
versus left iliac vessel placement of the graft on RR for graft
loss from a technical failure.

In the SPK category, the only variable associated with an
increased risk for patient death was vascular disease (RR
4.9, P 5 .03). The only variable associated with an in-
creased risk for graft failure in SPK recipients was a re-
transplant (RR 2.6,P 5 .07), which was also the only
variable associated with an increased risk for rejection loss
in SPK recipients (RR 3.7,P 5 .05). In the logistic regres-
sion analysis, no variables sorted out as having a significant
impact on RR for technical failure in the SPK category.

In the PAK category, vascular disease was the only
variable associated with an increased risk for patient death
(RR 4.5,P 5 .03). Regarding graft failure from any cause,
again, a retransplant was a risk in PAK recipients (RR 2.0,
P 5 .04), but so was vascular disease (RR 2.3,P 5 .008),
as was a BMI of 25 or more (RR 1.6,P 5 .011). The risk
for PAK graft loss also increased as the number of HLA-B
locus mismatches increased (RR 1.5,P 5 .08). The risk for
graft loss was decreased in older PAK recipients (RR 0.6,
P 5 .15). Overall, the RR for graft loss in PAK recipients
was lower in era 4 (RR 0.6,P 5 .12).

In the technically successful PAK cases, again, a retrans-
plant increased the risk for rejection loss (RR 3.2,P 5
.001). Surprisingly, vascular disease was also associated
with an increased risk for rejection loss in PAK recipients
(RR 2.7,P 5 .02), possibly because we were less likely to
treat rejection episodes vigorously.

The logistic regression analysis showed that the RR for
technical failure in PAK recipients was increased with pres-
ervation for 20 hours or more (RR 3.7,P 5 .02) and
vascular disease (RR 2.3,P 5 .13) or a BMI of 25 or more
(RR 2.0,P 5 .17) in the recipient. Surprisingly, the RR for
technical failure in PAK recipients also increased as the
number of HLA-B locus mismatches increased (RR 2.2,
P 5 .06), suggesting that some rejection losses are misin-

Figure 9. Patient, pancreas, and kidney graft survival rates in all
simultaneous pancreas–kidney transplant recipients of both grafts from
a living donor.
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terpreted as technical failure (e.g., an early acute rejection
episode leading to secondary thrombosis). Older PAK re-
cipients were not at increased risk for technical failure (RR
0.4, P 5 .17). The risk for technical failure in PAK recip-
ients decreased in era 4 (RR 0.4,P 5 .08).

In the PTA category, no variable was associated with an
increased risk for patient death except possibly a recipient
BMI of 25 or more (RR 15.9,P 5 .13). Regarding graft
failure, as in the other categories, a retransplant was asso-
ciated with an increased risk (RR 3.0,P 5 .06). Vascular
disease also increased the risk for graft loss in PTA recip-
ients (RR 5.6,P 5 .03). The risk of graft loss also increased
as the number of HLA-B locus mismatches increased (RR
3.1, P 5 .009). Interestingly, older PTA recipients were at
decreased risk for graft failure (RR 0.2,P 5 .05), consistent
with our univariate analyses. Again, the risk of graft loss in
PTA recipients decreased in era 4 (RR 0.3,P 5 .07).
Regarding technically successful PTA rejection loss, the
risk was slightly higher with a retransplant (RR 2.9,P 5 .1).
The risk for PTA rejection loss significantly increased as the
number of HLA-B locus mismatches increased (RR 3.4,
P 5 .008). However, older PTA recipients were much less
likely to reject an organ (RR 0.1,P 5 .04), and the rejection
loss risk in general decreased in era 4 (RR 0.3,P 5 .07). In
logistic regression analysis, no variables sorted out as hav-
ing a significant impact on RR for technical failure in the
PTA category.

Although we found slight differences in each category,
the multivariate analyses support the impression that recip-
ient vascular disease increases the risk for transplant failure.
Retransplanted grafts are also generally at higher risk to fail
than primary grafts. HLA matching at the B locus is impor-
tant in solitary pancreas (PAK and PTA) but not SPK
recipients. The multivariate analyses also indicate that out-
come has improved in era 4 for solitary pancreas
transplants.

Quality of Life Study

In eras 2, 3, and 4 combined, 316 SPK, 204 PAK, and 98
PTA recipients enrolled in a prospective study of quality of
life (QOL) changes after pancreas transplantation. For QOL
assessment, we used four dimensions of the Karnofsky
Index: status of health, management of life, life satisfaction,
and health satisfaction. Each recipient’s response was re-
corded on a 1 (low) to 5 (high) scale for each parameter. A
total score was calculated from the sum of the four param-
eters (maximum score possible, 20). The impact of a suc-
cessful or failed transplant was assessed by the changes in
scores from baseline in annual follow-up evaluations.

The baseline (prepancreas transplant) median total scores
(all eras) were significantly higher (P , .0001) in the PAK
(13.3) than in the SPK (11.3) and PTA (10.9) candidates.
The ranges of baseline scores for the two midquarters were
8.4 to 14.6 for SPK, 11.7 to 15.9 for PAK, and 8.1 to 13.4
for PTA recipients.

Interestingly, pretransplant (baseline) QOL scores be-
came successively higher in era 2 versus 3 versus 4. The
mean baseline scores in these eras were 9.56 2.6 (n 5
109), 12.36 3.9 (n 5 131), and 13.06 3.7 (n 5 62) for
SPK (P 5 .0001); 10.96 2.6 (n5 32), 13.96 3.3 (n5 82),
and 15.26 2.8 (n5 46) for PAK (P 5 .0001); and 9.96
2.9 (n5 26), 10.36 3.6 (n5 30), and 12.76 3.3 (n5 24)
for PTA (P 5 .009) candidates. Possibly diabetic patients
come to pancreas transplantation in better health than in
the past.

It is not the absolute QOL score that is telling, but rather
the change in score from the pretransplant baseline to the
posttransplant evaluation that is important. The total score
changes for each recipient category are shown in Figure 10
(all eras).

SPK

SPK recipients were divided into four groups by graft
status: 1) both grafts had sustained function; 2) the pancreas
had sustained function, but the kidney graft failed; 3) the
kidney graft had sustained function, but the pancreas graft
failed; or 4) both grafts failed. At 1 year after the transplant,
the mean increase in total QOL scores was 5.26 4.0 points
in the SPK recipients with both grafts functioning (n5 130)
(P 5 .0001); 2.46 1.5 points in those with a functioning
pancreas but a failed kidney (n5 5) (P 5 .12); and virtually
nil (0.2 6 3.7) in those with a functioning kidney but a
failed pancreas (n5 24). Only two recipients in whom both
grafts failed completed the follow-up evaluation at 1 year:
the total score did not change in one and was lower com-
pared with baseline in the other. The results in the recipients
in whom only one graft failed suggest that achieving insulin
independence improves QOL more than becoming dialysis-free.

PAK

At 1 year, the mean total score increased 3.76 4.1 points
from baseline in PAK recipients with sustained graft func-
tion (n 5 55) (P 5 .0001) versus 0.96 2.5 points in those
with failed grafts (n5 16) (P 5 .09).

PTA

At 1 year, the mean total score increased 5.96 4.2 points
from baseline in PTA recipients with sustained graft func-
tion (n 5 25) (P 5 .0001) versus 2.86 4.8 points in those
with a failed graft (n5 12) (P 5 .07).

Long-Term QOL

The increase in mean total points from pretransplant
baseline was sustained in succeeding years in patients with
functioning grafts. At 2 years, the mean increases were 4.3
6 0.8 points for SPK (n5 100), 3.76 5.6 for PAK (n5
32), and 6.46 4.3 for PTA (n5 8) (P 5 .0001). For 50
SPK study patients who completed the evaluation at 4 years,
the mean increase in total points from baseline was 6.26
4.6 (n5 50) (P 5 .0001).

Overall, our results show that diabetic patients who be-
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come insulin-independent perceive their QOL as having
improved despite immunosuppression. The data presented
here is original and complements past QOL studies, done by
independent investigators,144–150of the Minnesota pancreas
recipients.

Metabolic Studies

Formal metabolic studies of the Minnesota pancreas re-
cipients have been concluded since the inception of our
program27 and are still ongoing.126 No original data are
presented in this section; instead, the results of past studies
are summarized.

In era 1, the studies were initiated by coauthor F.C.G. and
were basic: 24 metabolic profiles of glucose and insulin
values before and after meals, and standard oral or intrave-
nous glucose tolerance tests in pancreas recipients who were
insulin-independent as a result of a functioning graft.67 The
profiles usually resembled those of nondiabetic persons, or
at least those of nondiabetic kidney allograft recipients, with
or without portal drainage of the graft venous effluent.54

The metabolic profile and glucose tolerance test studies
were used in era 2 to compare posttransplant endocrine
function by duration of pancreas graft preservation106and to
compare function in recipients who did or did not have

reversible rejection episodes.81 The results were similar
regardless of preservation time or occurrence of rejection
episodes in recipients with sustained insulin independence;
glycosylated hemoglobulin levels,112 both in the short
term151 and the long term,114 were normal.

Era 2 saw the introduction of more sophisticated meta-
bolic studies using new methods initiated by coauthor
R.P.R.152 and carried out by a series of fellows and associ-
ate faculty members in the Division of Endocrinolo-
gy.111,113,139,140,153–158Parallel studies of our islet auto- and
allograft recipients were also done.159–163 These studies
examined not only pancreatic graft beta-cell function but
also alpha-cell function, glucose counterregulatory mecha-
nisms, and the impact of the site of venous drainage (sys-
temic or portal) of a pancreas graft.

Diem et al111 were the first to establish systemic venous
drainage as the principal cause of systemic venous hyperinsu-
linemia after pancreas transplantation. A smaller portion of the
hyperinsulinemia could be attributed to recipients’ glucocorti-
coid use. Despite this metabolic abnormality, virtually all mea-
sures of carbohydrate metabolism in the fasting state and after
a mixed meal remained normal.153

Possible adverse effects of immunosuppressive drugs on
beta-cell function and glucose tolerance were also studied.

Figure 10. Change in total quality of life (QOL) scores by quartile from
before the transplant to 1 year after the transplant for (A) simultaneous
pancreas–kidney, (B) pancreas after kidney, and (C) pancreas trans-
plant alone recipients with functioning versus failed pancreas grafts.

Vol. 233 ● No. 4 Sutherland and Others 489



Many of the drugs are known to interfere with insulin
synthesis or secretion, or action. Teuscher et al158 assessed
insulin secretory reserve in pancreas transplant recipients by
measuring glucose potentiation of arginine-induced insulin
secretion and observed abnormally low insulin responses.
Because diminished insulin secretory reserve was also ob-
served in nondiabetic kidney recipients, the immunosup-
pressive drugs were the likely causes of this metabolic
abnormality. A similar defect was observed in psoriasis
patients treated with cyclosporine, but not in arthritis pa-
tients treated with glucocorticoids; thus, cyclosporine was
the likely cause of diminished insulin secretory reserve.158

However, despite the hyperinsulinemia consequent to sys-
temic drainage and glucocorticoids, and despite the dimin-
ished insulin secretory reserve attributable to cyclosporine,
we (R.P.R., D.E.R.S.) have recently reported normal levels
of fasting plasma glucose and hemoglobin A1C in a group
of pancreas recipients followed up for 10 to 18 years.126

Defective glucagon and epinephrine counterregulatory
responses to hypoglycemia are serious consequences of type
1 diabetes. These abnormalities can lead to dangerous levels
of hypoglycemia that incapacitate patients and seriously
compromise QOL. This scenario is made all the worse
because such patients lose normal symptom recognition of
hypoglycemia, which prevents them from taking early cor-
rective measures. The results of studies by Diem et al113

showed that a successful pancreas transplant restores nor-
mal glucagon responses. Later studies by Kendall et al161

concluded that the transplanted pancreas, rather than the
alpha cells in the native pancreas, provided the restored
glucagon response. Barrou et al156 used isotopic infusions
and hypoglycemic clamp methodology to show that the re-
stored glucagon response normalized hepatic glucose produc-
tion during hypoglycemia. Kendall et al157 showed that a
successful pancreas transplant partially restored epinephrine
response during hypoglycemia. More important, these studies
also documented that recipients of a successful pancreas trans-
plant reestablish normal symptom recognition.

Although most of our pancreas transplants were from
cadaver donors, nearly 10% were segmental grafts from
living donors. The metabolic responsivity of the trans-
planted hemipancreas is generally indistinguishable that of
whole pancreas grafts. Donors of the pancreatic segments
generally maintain normal glucose levels, but follow-up
studies of the donors of era 1 and the early part of era 2
(before we established our current criteria to be a living
donor) showed that about 25% had metabolic evidence of
acquired glucose intolerance several years after donation.139

Studies by Seaquist and Robertson154 established that both
beta-cell and alpha-cell responses were compromised in
hemipancreatectomized donors during measurements of in-
sulin secretory reserve. Later studies by Seaquist et al140

showed that hemipancreatectomy was also associated with
elevated circulating levels of proinsulin, presumably as a
result of release of immature insulin granules in which
cleavage of C-peptide from proinsulin was not yet complete.

The results of these studies prompted us to modify our
criteria to be a living donor. Now, all living donors must
have a BMI of less than 28, in addition to having normal
glucose tolerance test results, and plasma insulin levels must
increase by 300% within 1 to 2 minutes after intravenous
stimulation with glucose or arginine. Living donors who
meet these criteria have so far remained euglycemic and
insulin-independent, but they must be carefully studied in
the years to come.

Studies of Diabetic Secondary
Complications.

Formal studies on the course of preexisting diabetic sec-
ondary complications after pancreas transplantation were
initiated at the beginning of era 1.71,164 The multicenter
Diabetes Control and Complications Trial (DCCT) (of
which the University of Minnesota was a part) was just
beginning.165 Until it was completed in 1993 (near the end
of era 2), the best evidence that a constant euglycemic state
mitigated the progression of secondary complications was
from studies by us68,69,116–118and others166,167of pancreas
recipients. These studies were carried out by members of
our faculty from ophthalmology,68 pediatric nephrolo-
gy,118,131 and neurology.116,117,129,130As in the preceding
section, no original data on secondary complications are
presented here, but the studies completed to date are briefly
summarized.

The failure rate of pancreas transplants was relatively
high in eras 1 and 2, generating a control group for these
studies. Recipients were studied at baseline and subse-
quently divided into two groups: 1) those with early pan-
creas graft failure (less than 3 months) and 2) those with
sustained graft function for more than 1 year.

Retinopathy

Ramsay et al68 studied solitary pancreas recipients in eras
1 and 2. Retinopathy and visual acuity were quantitated
before and serially after transplantation. Most candidates
had advanced, proliferative retinopathy. At 2 years after the
transplant, the incidence of progression to a higher grade of
retinopathy was the same (~30%) in the eyes of recipients
with versus without graft function. After 3 years, however,
no further progression occurred in the recipients with func-
tioning grafts. However, 70% with failed transplants ad-
vanced to a higher grade by 5 years. Only a few recipients
had no retinopathy at the pretransplant baseline examina-
tion, but disease has not emerged in the subgroup with
continuously functioning pancreas grafts.

Nephropathy

Studies of diabetic nephropathy focused on disease re-
currence or prevention in the kidney grafts of diabetic KTA,
SPK, or PAK recipients,118,168,169as well as on disease
progression, stabilization, or regression of disease in the
native kidneys of PTA recipients.131
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Mauer et al documented the recurrence of diabetic ne-
phropathy (vascular lesions170and an increase in glomerular
and tubular basement membrane and mesangial matrix168)
in nearly half of kidneys transplanted without a pancreas in
uremic diabetic recipients.171

Initial evidence that a successful pancreas transplant can
influence the course of diabetic nephropathy came from
kidney allograft biopsy studies in PAK recipients by Bilous
et al.118 At the time of the pancreas transplant 1 to 7 years
(mean 4) after the kidney transplant, the graft glomerular
mesangial volume was moderately increased and glomeru-
lar basement membrane was moderately thickened. There
was no progression; indeed, there was regression of glomer-
ular lesions in follow-up biopsies taken 2 to 10 years later
(mean 4.5). These findings are in contrast to those in the
KTA recipients, where progressive diabetic glomerulopathy
occurred,171 leading to kidney graft failure and the need for
a kidney retransplant in some recipients.172

The most dramatic and surprising findings came from stud-
ies by Fioretto et al131of native kidneys in our PTA recipients.
We obtained baseline biopsies of native kidneys in most of the
PTA recipients.173 Follow-up biopsies in some have shown
cyclosporine-induced lesions that were associated with a pro-
gressive decline in kidney function, independent of the diabetic
lesions already present.128,169,174The diabetic kidney lesions
were distinct. In eight PTA recipients who were nonuremic at
the time of the pancreas transplant but who had mild to
moderately advanced lesions of diabetic nephropathy at base-
line, 10-year follow-up biopsies showed that glomerular and
tubular basement membrane thickness and mesangial frac-
tional volume of the glomerulus had decreased and, indeed,
returned to normal.131

Thus, although it takes at least 5 years of normoglycemia,
a pancreas transplant can reverse the lesions of diabetic
nephropathy. Such reversal does not guarantee normal func-
tion because independent damage to the kidney may occur
from the calcineurin inhibitors needed to prevent pancreas
rejection.128 If an effective nonnephrotoxic immunosup-
pressive regimen is developed, nearly all patients with early
diabetic nephropathy would benefit from a pancreas
transplant.

Neuropathy

As with the eye and kidney, our pancreas recipients had
baseline neurologic studies with serial follow-up.69,116,129

More than 80 of our recipients had symptomatic neuropa-
thy, and more than 90% had abnormal results on the base-
line neurologic examination.127 Kennedy et al116 showed
significant improvement in motor and sensory indices as
well as autonomic function between 1 and 4 years after the
transplant; we concluded that progression of diabetic neu-
ropathy is halted and that improvement is possible with
sustained normoglycemia.

Navarro et al117 found higher death rates in patients with
autonomic dysfunction or abnormal nerve conduction stud-
ies, compared with those with minimal disease. The death

rate was also high in nontransplanted diabetic patients with
neuropathy. However, in neuropathic patients with a suc-
cessful pancreas transplant, the death rate was significantly
lower, even if neuropathy improved only minimally.130 The
combination of diabetes and severe neuropathy is lethal;
correction of diabetes improves survival even if neuropathy
persists.

Navarro et al129 did follow-up studies at 10 years of
diabetic pancreas recipients. In control patients (those with
a failed transplant), neuropathy progressively worsened,
whereas in recipients with sustained graft function, the
improvement in neuropathy seen early on was sustained.

General

The most remarkable feature of the studies of diabetic
secondary complications in our pancreas recipients was the
positive impact on even advanced disease. In the DCCT,165

at entry, diabetic patients had either no or minimal mani-
festations of secondary complications. Even with intensive
insulin treatment, new lesions emerged, and lesions already
present progressed in some patients.175 The secondary dia-
betic lesions at baseline were much more advanced in our
patients than in the DCCT. The regression of neuropathic
and nephropathic lesions seen after a successful pancreas
transplant did not occur with intensified insulin treat-
ment.176 Other groups have now also shown that a success-
ful pancreas transplant can ameliorate microvascular com-
plications,177,178 including retinopathy,179 nephropathy,167

and neuropathy.166,180

Although a main objective of pancreas transplantation is
to improve day-to-day QOL by omitting the need for insulin
injections and glucose monitoring, the fact that secondary
complications are also favorably influenced gives even
greater impetus to apply this treatment modality.

GENERAL DISCUSSION

Clinical pancreas transplantation, begun at Minnesota in
1966, now encompasses a third of a century. Transplanta-
tion of endocrine tissue (pancreatic islet beta cells) is the
only treatment that can induce insulin independence for type
1 diabetic patients. To date, transplantation of islets within
an immediately vascularized graft (pancreas) has been much
more successful2 than as a free cellular graft.181

The promise that islet transplantation can replace pan-
creas transplantation has been propagated over nearly three
decades. Recent successes with islet transplantation182 sug-
gest that the dream of eliminating the major surgery of
pancreas transplantation may soon be achieved. Meanwhile,
pancreas transplantation continues to be done, and the les-
sons learned over many years at our own and other centers
(only a few examples are referenced)183–189have contrib-
uted to the high success rate now achieved in both uremic
and nonuremic diabetic recipients. Indeed, there is good
evidence that a pancreas transplant prolongs survival of
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both nephropathic185,190–192 and neuropathic130 diabetic
patients.

Our program differs from most in that we emphasized
solitary pancreas transplants from the beginning,20,39,76and
continue to do so. A few other programs have increased the
proportion of solitary pancreas transplants in recent
years,188,193with results equivalent to our own.38

Although a few aspects of our program are original, much
of what we have done has been adapted from the pioneering
efforts of others. We were the first group to use a living
donor for a pancreas transplant, in 1979,44 with extension to
identical twin donors in 1980.39,63 The living donor option
has been exercised by only a few other centers, but includes
the use of an identical twin.194

Our practice of splitting a cadaver pancreas to give a
segment to each of two recipients104 appears to be unique.
However, our use of living donor kidney transplants simul-
taneous with a cadaver pancreas7 has been followed by
many cases elsewhere.195 The introduction of an immediate
retransplant196 for a primary technical failure (e.g., throm-
bosis) has been adopted by other groups.197,198Even our use
of enteric drainage pancreas grafts to correct exocrine de-
ficiency90 has been duplicated.199

Regarding surgical techniques, segmental pancreas trans-
plantation has largely disappeared except with living do-
nors, as has the use of duct management techniques other
than bladder or enteric drainage. In the past decade, many
groups have compared outcome with enteric versus bladder
drainage and have concluded that the results are equivalent,
at least for SPK transplants.184,200–203 Although portal
drainage of pancreas graft venous effluent was done in a few
cases at several centers in the 1980s,204–206including our
own,54 Rosenlof et al207 reported its routine use for SPK
transplants in 1992, stimulating others to adopt the tech-
nique.184,188,208Portal drainage must be more physiologic
than systemic drainage, and the metabolic perturbations of
systemic drainage include pseudohyperinsulinemia,111 but
the relevance is unknown.

Surgical complications of pancreas transplantation de-
creased at our center from era83 to era.122This decrease was
paralleled at other centers.201,209,210Chronic complications
of bladder drainage, however, have persisted,211–213and our
rate of conversion to enteric drainage exceeded 10%
throughout the 1990s.141

The most immediate and frequent posttransplant compli-
cation is pancreas graft thrombosis.214 Some groups have
not found that heparinization reduces the risk,215 but in our
experience it seems to have helped.122

Infections after pancreas transplantation can be local or
systemic. Our incidence of local infections has been re-
duced,122 but local infection can necessitate graft remov-
al.216,217 The most common systemic infection is due to
cytomegalovirus or Epstein-Barr virus. We showed that
drug prophylaxis is effective in reducing the incidence of
cytomegaloviral infections in pancreas recipients,218 as
have others.219 The risk of posttransplant lymphoprolifera-

tive disorder (PTLD) after Epstein-Barr virus infection is a
risk in all organ allograft recipients. Our incidence of PTLD
after pancreas transplantation has been less than 2%, includ-
ing only 0.6% in PTA recipients.220 Other groups report a
similarly low rate of PTLD after pancreas transplantation.221–225

Regarding immunosuppression, the practice in our cen-
ter,121 along with many others, has evolved to include the
use of tacrolimus and/or MMF in all recipient categories.
Sirolimus is just beginning to be used for pancreas trans-
plantation,226 and our experience is limited. We also use
anti-T-cell therapy routinely for induction; its use is variable
at other centers.183,184,227–234We have used adjunctive mea-
sures such as blood transfusion, as have others, but we have
not adopted donor bone marrow administration.183 The im-
munosuppressive protocol changes initiated by us and oth-
ers have been associated with a reduction in the previously
high rejection episode rates seen even in SPK recipients.235

In PTA recipients, however, the rejection episode rate is still
high, but reversal is more readily accomplished than in
previous eras.

Early treatment of rejection episodes is important. SPK
recipients of grafts from the same donor can be monitored
by serum creatinine. For solitary pancreas transplant recip-
ients, serum creatinine cannot be used as a surrogate marker
for rejection. Thus, we still favor bladder drainage and use
a decline in the urine amylase level as a marker for rejec-
tion.97 A decline in the urine amylase level is sometimes
preceded or accompanied by a rise in serum pancreatic
enzyme levels,236 but we have seen several rejection epi-
sodes where only the urine amylase level declined; they
would have been missed by relying on serum enzyme levels
alone. Thus, we believe that urine amylase is still superior
for immunologic monitoring of solitary bladder drainage
pancreas transplants and should be used, at least for PTA,
until protocols that further lower the rejection episode inci-
dence have been developed.

Pancreas allograft biopsies and pathologic assessment are
less important in SPK recipients than in solitary pancreas
recipients for the reasons mentioned above. However, for
solitary pancreas recipients, a pancreas graft biopsy has the
same utility as a kidney graft biopsy in KTA recipients. We
have used pancreas allograft biopsies for solitary pancreas
recipients by one technique or another since the early
1980s.59,60,97The introduction of the percutaneous needle
technique by Allen et al237 and Gaber et al238 in the early
1990s made routine biopsies practical. Pathologic features
and histologic grading of pancreatic allograft biopsies have
been well described by many groups,221,239–244including
our own.97,245 Our use of pancreas graft biopsies in the
1980s was critical in identifying disease recurrence (auto-
immune isletitis).64 Although recurrence (selective beta-cell
loss) is occasionally seen in human allografts,110,246 it is
rare. One center that is liberal in performing pancreatic
allograft biopsies has never seen a case of recurrent
disease.247

In SPK recipients, documented discordant rejection epi-
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sodes (i.e., involving only one organ) are rare, but they do
occur.248,249In our experience they can lead to discordant
graft loss as well.93 HLA matching reduced rejection fail-
ures in solitary pancreas transplants at a time when the
overall results were not as good as now.250 Although not all
agree,251 our own data reported here, as well as that of the
Registry,2 indicate that HLA matching, particularly at the B
locus, is still beneficial in the tacrolimus and MMF era.

If graft loss does occur for any reason, a pancreas retrans-
plant is feasible. Although some have considered retrans-
plantation a high-risk procedure,252 we have not been de-
terred. We have had a large number of candidates for
retransplants because of the low success rate with primary
transplants in the early eras. Pancreas graft survival rates
were significantly lower for retransplants than for primary
transplants in each era, but the current retransplant success
rate is much higher than the primary pancreas transplant
success rate in earlier eras. Thus, we have no hesitation in
routinely offering a retransplant to recipients whose primary
grafts fail.

Even apart from retransplantation, many risk factors in-
fluence outcome. Multivariate analyses have been done by
others, looking at both recipient253and donor254 risk factors,
but with many fewer patients than in our analyses. Some
groups have assessed individual risk factors, such as obesi-
ty255 or recipient race;256 the former has a moderate impact,
but the latter does not seem to influence outcome.

The question as to whether early SPK transplants to
preempt dialysis give an advantage in nephropathic diabetic
recipients257is answered by our good results in patients who
did not receive dialysis. Other questions, such as the impact
of vascular disease, have not been well studied because
most groups have excluded vasculopathic patients from
pancreas transplantation in the first place.258 In our pro-
gram, nearly all uremic diabetic patients undergo pretrans-
plant coronary angiography followed by intervention (by-
pass or angioplasty), if indicated, before a pancreas
transplant.109 Although patient survival rates are lower for
those with versus without preexisting vascular disease, cor-
recting diabetes is beneficial for both groups. A few other
centers also do pancreas transplants in diabetic patients with
coronary artery disease259,260and believe it safe. Even ure-
mic patients with type 2 diabetes have routinely received
SPK transplants in some programs.261 We, too, have found
no difference in insulin independence rates in the few type
2 diabetic patients we have transplanted.

As important as recipient risk are donor risk factors.254

Although pancreas grafts from both pediatric262 and older
donors263 have been successfully transplanted,107 we107 and
others264,265 are selective. Whatever the age range, one
group has shown that the outcomes for paired grafts from
the same donor are similar in KTA and SPK recipients.266

Restoration of normal metabolism is the immediate goal
of pancreas transplantation. Although we have described
delayed endocrine function,267 most recipients become in-
sulin independent immediately after the transplant. Nearly

all are euglycemic and have normal glycosylated hemoglo-
bin levels as long as the graft functions. Several other
groups have also performed sophisticated metabolic studies
after pancreas transplantation.268–273 Even though meta-
bolic perturbations are described, it is interesting that recip-
ient lipid profiles usually improve after a successful pan-
creas transplant.274–276Whether the improvement in lipid
profiles translates into a lower risk for vascular disease in
pancreas recipients has not been determined. It is clear from
the results of our studies and others that microangiopathy
can improve after a successful pancreas transplant,177,178

including retinopathy if the intervention is early
enough.68,179Of course, advanced retinopathy is difficult to
influence, as we68 and others277 have found.

Every group that has reported on neuropathic studies has
shown improvement after pancreas transplantation.166,180,278

Even autonomic dysfunction, including cardiopathy,279 vesi-
copathy,280 and gastropathy,281 can improve.

As expected, diabetic nephropathy does not recur in kid-
ney grafts of recipients with sustained insulin independence
after an SPK transplant.167The only real surprise in the area
of kidney disease is our finding that advanced lesions of
diabetic nephropathy in native kidneys can resolve over
time after a successful PTA.131

The improved metabolism after a pancreas transplant not
only ameliorates secondary complications; concomitantly
there is an improvement in QOL. The independent studies
done in our patients144–150show the same findings as those
of other groups in their patients:282–287recipients are more
satisfied before than after the pancreas transplant.

Pancreas transplantation is a highly effective therapy for
diabetes mellitus. There are surgical complications, and
immunosuppression is required, but QOL improves. At least
in the short run, a pancreas transplant is more expensive
than exogenous insulin treatment,288 but better treatment is
worth the higher cost. The cost of pancreas transplantation
in the short term has been studied by ourselves289 and
others,290–293but the long-term overall economic impact of
preventing or ameliorating secondary complications,
thereby recouping initial start-up costs, has only been pro-
jected.288 Nevertheless, pancreas transplantation is so effec-
tive that a new American Diabetes Association position
statement294 says that SPK and PAK should be routine in
diabetic kidney transplant recipients and that PTA is appro-
priate for nonuremic labile diabetic patients.

Our own program is more liberal than the American
Diabetes Association. We have done pancreas transplants as
prophylaxis for secondary complications or for adult pa-
tients who would rather manage immunosuppression and its
risks than diabetes and its risks. We take it as a matter of
informed consent as to which route patients want to take:
the diabetes or immunosuppression. There are risks with
each, but the benefits are greater with a transplant.

Of course, if immunosuppression is required for other
reasons in a diabetic patient, a pancreas transplant might as
well be done, even in children.135 Certainly the current
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American Diabetes Association guidelines are appropriate
for children. Whatever hesitation there may be to recom-
mend endocrine transplantation as a treatment for diabetes,
it will be less with free grafts of islets, which eliminate
surgical complications.181 If tolerance-inducing protocols
become successful clinically,29 either pancreas or islet
transplantation could be performed without the fear of im-
munosuppressive complications. If islets are as successful
as the pancreas transplant technically, in the absence of
immunosuppression (tolerance), virtually every diabetic pa-
tient would want to be treated. Because of the limited supply
of human cadaver donors, treating all diabetic patients
would require the development of propagated beta-cell lines
that are suitable for transplantation,295 or the application of
xenografts.181 Ultimately, neither strategy may be needed if
beta-cell regeneration can be induced in the native pancre-
as296 and the autoimmune threat thwarted.297,298When the
last scenario will materialize is uncertain.

Certainly, pancreas or islet transplantation will continue
to be in the therapeutic armamentarium for diabetes in the
immediate future. Our experience shows that large-scale
application is possible.
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